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Neuropathology the Institut Bunge, Antwerp, Belgium) 


INTRODUCTION 


THE discovery defective enzyme system phenylketonuria has not 
yet explained the basic mechanism which this metabolic dysfunction 
causes the central nervous system exhibit such severe disturbances. The 
nature the structural and functional lesions remains unknown spite 
recent fruitful biochemical and nutritional investigations. 

Although the few detailed published reports post-mortem examina- 
tions such cases have far failed give any definite indication 
possible pattern disease, there can question but that the neuro- 
pathologic examination the nervous system will eventually contribute 
greatly our understanding this disease. 

the purpose this communication report upon the histologic 
observations case phenylketonuria and re-examine possible 
pathogenetic mechanisms the basis available neuropathologic 
evidence. 

REPORT 

was born December 22, 1937, after uneventful pregnancy nine 
months’ duration. weighed birth. His mother’s labour was said 
have been completely normal. abnormalities were noted during the neonatal 
period, although the child was described walked the age 
months, used spoon the age years, and spoke his first words the age 
years. 

The child had measles, chicken pox, and whooping cough during his early life, all 
without discernible had bilateral otitis media the age months 
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and was hospitalized the age years because streptococcal throat infection. 
Our patient was the third children. The other siblings developed normally 
and were good health. The family history revealed evidence nervous, 
mental, genetically controlled disease. 

Behavioural peculiarities were first noted when the child reached the age and 
entered school. details are available concerning these difficulties. The past 
history unfortunately does not tell when his epileptiform seizures began. 

The patient was admitted the Winfield State Hospital and Training Center, 
Winfield, Kansas, institution maintained the state Kansas for the care 
severely mentally deficient children, May 1945. was years old, brown 
haired and brown eyed. had internal strabismus the left eye, moderately 
severe speech defect, severe mental retardation, and bilateral undescended testicles. 
The rest the physical and neurological examinations were entirely within normal 
limits. Shortly after his admission, psychological examination showed his I.Q. 
30. The admission diagnosis was mental retardation unknown type with 
epilepsy. 

The patient had frequent convulsive seizures and resisted all attempts control 
with variety anti-convulsant drugs. had several episodes status epilepticus. 
electroencephalogram was performed. 

second psychological examination performed when the patient was 144 years 
old showed mental age years and months and 36. The correct 
diagnosis phenylketonuria was not obtained until May 1953, eight years after his 
admission the hospital, during the course mass screening patients for this 
condition. died unexpectedly following convulsive seizure August 22, 1956, 
the age years and months. autopsy was performed eight hours after 
death. 


Post-mortem Examination 


Gross and microscopic examination the viscera revealed acute early lobular 
pneumonia, minute granulomas lungs consistent with foreign body (result 
aspiration food particles), and acute passive congestion lungs, liver, and spleen. 
The anatomic observations were insufficient explain death. (Pathologist: Dr. 
Frank Mantz, Jr.) Gross examination the brain revealed abnormalities. 


Microscopic Examination the Brain (IB 2/57) 

Frozen sections were stained according the methods Spielmeyer, Nissl, 
Holzer, MacManus, with Scharlach and with Nile Blue sulphate. section which 
included the first and second frontal convolutions and the corpus callosum showed 
area definite gliosis with status spongiosus the area the splenium the 
corpus callosum. This gliosis extended into the white axes the convolutions and 
was also present the subependymal regions the ventricular wall (figs. and 2). 

More posteriorly, coronal section passing through the paracentral area stained 
for myelin sheaths revealed slight pallor the white matter the axis and 
paler band tissue the paracentral lobule adjacent the U-fibres. Holzer stain 
the same area showed increase glial elements the same areas. 

Two areas necrosis were seen the right parietal region. One them, lozenge 
shaped, affected the subcortical region, while the other was more diffuse, also involved 
the subcortical white matter, and was accompanied dense glial scar (figs. and 4). 
The orbital region the frontal lobe showed necrosis the superficial layers 
the cortex (fig. 5). Many areas demyelination were seen the subcortical white 
matter, always associated with significant amount glial reaction. Here again, 
the same type lesion, although much more severe, was noted the subependymal 
regions areas extending far into the white matter. 
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section through the occipital lobe revealed area demyelination the white 
matter extending but not involving the U-fibres. This same pallor was also seen 
the area the angular gyrus. 

lesions were observed the basal ganglia the internal capsule. The 
hypothalamus, the mammillary bodies, the zona incerta, and the mammillo-thalamic 
fasciculus revealed areas slight demyelination, while the lenticular fasciculus was 
well stained. The dorsomedian and ventrolateral parts the optic tract were 
pallid (fig. 6). All the areas demyelination, well parts the amygdaloid 
nucleus, were the sites dense fibrillary gliosis. Only slight cellular loss and mild 
glial reaction were seen the median nuclei the thalamus. 

section through the cerebral peduncles and the posterior part the quadrigeminal 
plate revealed pallor the decussation the brachium conjunctivum associated with 
glial reaction, gliosis around the oculomotor nuclei, definite subependymal 
gliosis, and, some areas, some subpial glial reaction. 

The medulla showed definite demyelination the olivo-cerebellar fibres and the 
capsule the inferior olives (fig 7A). The fasciculus solitarius, the fasciculus cuneatus, 
the vagal fibres, and the dorsal spinocerebellar fibres were somewhat 
Here again, all these areas were associated with increase glial elements (fig. 8). 
There was severe gliosis the area the inferior olives and the vestibular nuclei 
(fig. 9). 

The cerebellar cortical structures appeared intact, but there was definite gliosis 
the hilum the dentate nucleus and the fibres surrounding it. This glial 
process affected the white matter the cerebellar folia. There was associated pallor 
the myelin (fig. 10). Subependymal gliosis was seen near the wall the fourth 
ventricle. 

various parts the brain, sections stained with Scharlach PAS, and Nile 
Blue sulphate failed reveal any material taking these stains, even the more severely 
diseased areas, with single exception: one part the frontal cortex all ganglion 
cells contained fine granulations which took both Scharlach and Nile Blue stains 
but not PAS. several the capillaries these areas, some fairly large 
sudanophilic granules were seen the adventitial and endothelial cells. few 
glial cells also contained them but nowhere were macrophages seen. 


The neuropathologic alterations thus consisted essentially mild 
demyelination accompanied early fibrillary gliosis. Except for one 
area, products degeneration could found the areas demyelin- 
ation and gliosis. addition, there were two areas necrosis. 

summary, the pathologic observations were follows: 

(1) Rare foci necrosis were seen the fronto-parietal and orbital 
convolutions. These might have been the result the repeated convul- 
sive seizures suffered the patient. 

(2) There was myelin sheath pallor which appeared irregular areas 
with well-defined borders. These areas were usually orientated along the 
fibre tracts they involved and occurred most commonly the subcortical 
white matter, the corpus callosum, the periventricular subependymal white 
matter, the cerebellar white matter, the hilum the dentate nuclei, and 
the optic tract. These areas apparent demyelination were always the 
site moderately severe fibrillary gliosis. The subependymal and sub- 
pial glioses were much denser and were present almost all the sections 
examined. addition, there were other areas fibrillary gliosis which 
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were not accompanied alteration the staining properties the 
myelin sheaths. These lesions did not seem correspond any physio- 
logic anatomic fibre systems. 

(3) The arcuate fibres the olives, the olivo-cerebellar and vestibular 
systems, and the myelinated fibre systems the dorsolateral part the 
medulla were more severely affected. 

(4) Products degeneration and neuronal lesions were remarkably 
absent. 

DISCUSSION 

Phenylketonuria disease with wide variation clinical manifesta- 
tions. Mental retardation, which one its most prominent character- 
istics, may vary from idiocy near-normal intelligence (Jervis, 
is, therefore, not completely unexpected find that the neuropathologic 
lesions may vary nature well severity. 

Convulsive seizures are frequent feature this disease; and often 
difficult decide which the lesions, when they are seen autopsy, must 
attributed the basic disease, and which are the result the repeated 
episodes anoxia and probable trauma suffered the patients. Another 
difficulty the interpretation the neuropathologic alterations lies 
the fact that most the patients whose brains have become available for 
examination died late adolescence adulthood and what might 
called static stage the disease. From some the clinical work 
reported thus far (Bickel, Gerrard, and Hickmans, 1954; Woolf, Griffiths 
and Moncrieff, 1955; Armstrong and Tyler, 1955; Horner and Streamer 
1956) the metabolic disturbance seems have its effect upon the central 
nervous system during the first two years life, the period the system’s 
most active development. most instances, the evaluation the end- 
results the pathologic process can only speculative. general, the 
variable and even contradictory pathologic lesions far reported have 
failed, Peters has pointed out, explain the severe clinical manifesta- 
tions exhibited the majority patients with phenylketonuria. 

are tempted ascribe the necrotic lesions this case the repeated 
convulsive seizures suffered the patient. The seizures probably are 
also responsible for the one area neuronal lipid deposition which 
resembles somewhat the changes reported Courville (1950) cerebral 
anoxia. 

The first post-mortem examination case phenylketonuria was 
who was found have multiple neurofibromata the sciatic and vagus 
nerves. The cerebral cortex showed only some non-specific and possibly 
agonal The report not clear what histologic studies were 
carried out the material. 

The second case was reported Coquet, Myle, Nyssen and van 
Bogaert (1944). They observed some liquefaction and atrophic changes 
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the cortical ganglion cells, small area necrosis the frontal lobe, 
some perivascular lymphocytes the meninges and the optic nerve, and 
slight increase oligodendroglia and macroglia the centrum ovale. 
recently made second study some material from this case report 
which had been published 1944), and found the same areas 
demyelination which were found our present case. Un- 
fortunately, not enough the material remained study with glial 
stains (fig. 11). 

Josephy (1948) found significant pathology his cases, but 
failed give either the ages his patients any details the histologic 
technique used. Larson (1950) found some mild changes the cortical 
architecture his 20-year-old patient, but said that had seen 
abnormalities the brain second, patient with the same 
disease. Cowie (1951) apparently made histologic study his adult 
cases, while Meister reported that the brains his patients, aged years 
and months, were normal. 

1950, Alvord, Stevenson, Vogel, and Engle published article 
cases phenylketonuria which showed remarkable pathologic changes: 


marked lack myelinization the nervous system involving 
principally the optic, corticospinal, corticoponto-cerebellar and perhaps 
other tracts the central and peripheral nervous system was found 
siblings months and years age. another case, adult, 
defect myelinization was noted the optic chiasm; other cases, 
also adults, showed such changes anywhere. Other abnormalities, 
however, such gliosis and increase fat about blood vessels were 


These observations prompted the authors suggest that possible 
pathogenetic mechanism was retardation myelination, caused 
defect myelin anabolism. 

interest that the most severe lesions were observed the two 
children. Particularly significant was the deposition sudanophilic 
material some the ganglion and astrocytic cells, which was not 
present the older cases, where only relatively small amounts peri- 
vascular fat were detected. Alvord and his collaborators were the first 
point out that the metabolic disturbance phenylketonuria might have 
its most devastating effect myelination. 

1951, Sander made detailed study the brain 20-year-old 
patient who had previously been examined Klein 1946. The 
pathologic alterations were extensive and consisted status cribrosus 
the corpus striatum, the corpus Luysi, the substantia nigra, and the red 
nucleus. stated that there were definite changes the structure and 
appearance the myelin sheaths well important changes their 
staining properties. Subependymal gliosis was another striking observa- 
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tion along with diffuse demyelination the cerebellar white matter, and 
gliosis the optic tract. 

Shortly thereafter, Benda (1952) wrote about his examination two 
adult cases phenylketonuria which had been previously mentioned 
Mautner and Quinn brains showed severe demyelination 
involving the entire nervous system and leading spongy degeneration 
some areas. both his cases, there was striking accumulation 
metachromatic substance probably consisting 
myelin and amyloid. Benda agreed with Alvord and his collaborators 
that marked retardation myelination suggests that the mental 
deficiency the result enzymatic defect with subsequent failure 
protein metabolism.” 

The excellent illustrations published both Alvord and his co-workers 
and Benda showed involvement the myelin sheaths which fulfils our 
criteria for classifying certain demyelinating conditions among the leuco- 
dystrophies. the demyelinating diseases the multiple sclerosis type, 
myelin seems destroyed after having been normally constituted, but 
the leucodystrophies there more probably disturbance myelin 
anabolism. For this reason feel advisable group the leuco- 
dystrophies among the diseases rather than among the 
ones (Poser, our belief that phenylketonuria, 
like the leucodystrophies, characterized disturbance myelin 
anabolism, and classifying dysmyelinating disease would follow 
logically. 

the other hand, Corsellis (1953) was unwilling accept retarded 
myelination basic pathologic feature this disease. noted only 
small patch heavily gliotic demyelination one occipital lobe his 
25-year-old patient. did, however, see severe retrograde changes 
the Betz cells. Scharlach stains revealed small amounts yellowish 
staining material few these cells. 

1954, Jervis reported upon pathologic study cases phenyl- 
ketonuria, stating briefly that had seen demyelination them, 
all adults, but did note some pallor the myelin the temporal region 
3-year-old child. the last patient, 25-year-old man, there were the 
typical lesions what called gross examination. 
Jervis felt that this probably represented the coincidental occurrence the 
two conditions, since clinically the patient presented neurologic 
abnormalities until his rapidly progressive terminal illness began the 
age 25. 

The most recent report upon the post-mortem examination case 
phenylketonuria that Scholz (1957) 23-month-old girl. saw 
cortical cellular changes consisting pallor the nucleolus; dispersion 
the chromatin the nucleus; and incomplete peripheral tigrolysis seen 
about half the pyramidal cells, most the ganglion cells the 
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thalamus and corpus striatum, and few Purkinje cells. Scholz felt 
that these cellular changes were probably brought about agonal 
state, alimentary intoxication, and epileptic crises; and that they were 
different from the changes described Corsellis, who believed that those 
his case were caused complicating pellagra. 

addition the cellular alterations, there was pallor the myelin 
the white matter the hemispheres and the cerebellum. Thus certain 
myelinated tracts stood out, such the peridentate fibres, the corona 
radiata, and the structure the corpus callosum. There was definite 
pallor the fornix, the anterior commissure, parts the internal capsule, 
the ponto-cerebellar fibres, the middle zone the corticospinal tracts 
the pons and the hilum and the peripheral fibres the inferior 
olives. found few myelin balls but described definite gliosis the 
white matter the cerebrum and the cerebellum, especially severe the 
optic tracts and the spinal cord. Little fatty material was seen anywhere 
except for few cells small area the pons. Scholz’s observations 
bear pronounced similarity our own except that did not find 
cellular changes and that the gliosis was less severe. 

Scholz believed that myelin were really produced glial cells, the 
absence, complete relative, certain chemical elements necessary 
myelination would influence the eventual development the glial cells. 
The latter could then undergo sort “misdirection” their function 
resulting fibrillary gliosis. The misdirected developmental pattern 
would include inhibition myelination, dysmyelination, rather than 
demyelination. Scholz also compared the pattern dysmyelination 
phenylketonuria that seen amaurotic family idiocy. 

The absence products degeneration our case Scholz’s case 
can probably best explained the basis old quiescent process, 
similar that seen Pelizaeus-Merzbacher’s disease, which another 
leucodystrophy, even some longstanding cases cerebral sclerosis 
Schilder. Since demyelination dynamic process, when sufficient 
time exists for the normally functioning phagocytic mechanisms remove 
the Abbau products, these will probably have disappeared from the lesion 
the time seen autopsy. Thus far, the few cases this disease 
which have been carefully studied, the associated processes fibrillary 
gliosis and disturbed myelination appear the characteristic pathologic 
findings. important bear mind Edgar’s (1955) admonition that 
present staining methods not necessarily reflect the true chemical 
biological state myelin, highly complex structure. Seitelberger has 
suggested that the commonly used methods Weigert, Heidenhain, 
Spielmeyer, etc., for staining myelin sheaths make visible only the lipo- 
protein structural network the sheaths (the neurokeratin). This brings 
the possibility that the anabolism myelin and its staining character- 
istics are dependent upon protein well lipid metabolism. Klenk has 
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shown that tyrosine necessary constituent neurokeratin. This 
considerable interest view the fact that the basic enzymatic disturb- 
ance phenylketonuria the inability phenylalanine oxidized 
tyrosine. Although tyrosine deficiency has not been demonstrated 
these patients, possible that some alteration tyrosine metabolism 
may exist. This would bring about sequence events similar that 
postulated Scholz. the other hand, the retardation myelination 
and the disturbance glial function might instead the result less 
specific metabolic disturbance, such reduction glucose and oxygen 
consumption, since Himwich and Fazekas (1940) demonstrated this 
patients with phenylketonuria. impossible this time say this 
reduced consumption the cause the neuropathologic state its result. 
Korey’s (1957) suggestion that the mental defect phenylketonuria might 
the result chronic deficiency syndrome pyruvic acid, the Krebs 
cycle constituent, remains equally the realm speculation. 

Clinical observations (Armstrong, Low and Bosma, 1957) have indicated 
that there upper age limit two three years after birth children 
with phenylketonuria beyond which further damage occurs. Pro- 
gressive mental deterioration not usually observed older patients, and 
there consistent improvement such patients compare with the 
improvement observed children under the age phenylalanine- 
restricted diet. This upper age limit roughly corresponds the end 
the period major myelination the child’s central nervous system. 
Proof that the basic pathogenetic mechanism this disease affects the 
glial cell-myelin sheath system would lend considerable support the 
clinical data. 

SUMMARY AND CONCLUSION 


Neuropathologic examination the brain 18-year-old patient with 
phenylketonuria reveals multiple areas altered myelination associated 
with variable degrees fibrillary gliosis. The pertinent literature has 
been reviewed, and the basis this well previously published case 
reports concluded that the underlying pathogenetic defect phenyl- 
ketonuria may metabolically determined disturbance the glial 
cell-myelin sheath relationship. 

Neuropathologic observations indicate that this disease should 
classified with the leucodystrophies and the cerebral lipidoses the general 
group dysmyelinating diseases. 
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Fic. 1.—Subependymal 
cular area demyelinization with ill- 
defined borders. 


Fic. 3.—Area demyelinization 
the deeper layers the cortex and 
the adjacent white matter, secondary 
necrosis. 
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Fic. 2.—Diffuse area demyeliniza- 
tion the central and distal part the 
white axis convolution. 


Fic. 4.—Another subcortical area 
demyelinization and cortical atrophy, 
probably secondary post-traumatic 
necrosis related convulsive seizures. 


illustrate article Poser and Ludo van Bogaert. 
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Fic. 6.—Optic tract. Peripheral 
pallor, especially the ventromedial 
and dorsolateral areas. 


Fic. 5.—Two areas necrosis, one 
wedge-shaped, the other more diffuse 
the frontal cortex. 


8.—Fibrillary gliosis corresponding 
the areas demyelinization shown 
fig. 


illustrate article Poser and Ludo van 


Fic. 7.—Pallor the capsule and the 
axial fibres the olive. 
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Fic. 9.—Symmetrical gliosis the Fic. 10.—Slight but definite pallor 
vestibular nuclei and the adjoining immediately below the subcortical fibres 
fibre tracts. the cerebellum, outside the 


capsule the dentate nucleus. 


Fic. 11.—Case previously reported Coquet, Myle, Nyssen and van Bogaert 
(1944). Area perivascular and diffuse moth-eaten demyelinization 
subcortical fibres the frontal region. 


illustrate article Poser and Ludo van Bogaert. 
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DISEASE THE SKULL 
AND SECONDARY BASILAR IMPRESSION 


(From the Institute Neurology, Queen Square, London, 
and the Genetics Unit, Institute London) 


THE purpose this paper discuss the radiological changes 
patients with Paget’s disease the skull; reiterate the importance 
the development basilar impression and its frequent occurrence this 
condition; discuss the radiological criteria for the diagnosis basilar 
impression; and propose discriminant measure indicate which 
patients neurological symptoms from pressure due the bony abnormality 
may expected. Some the patients have been followed over number 
years, and has been shown that the condition not necessarily 
progressive. The clinical findings are briefly discussed. 


PREVIOUS INVESTIGATIONS 


Schiiller, who 1905 published the first radiograph primary basilar 
impression, stated 1911 that secondary basilar impression sometimes 
occurs Paget’s disease, although did not give any illustrative examples. 
1913 Léri described cases, all which showed basilar impression 
and further confirmed his own findings Paget’s material the 
Royal College Surgeons. concluded (1) that basilar impression, 
present all his cases greater lesser degree, was constant 
Paget’s disease the skull; (2) that could diagnosed radiologically 
(although did not show any examples his paper); and (3) that 
explained certain symptoms and signs seen Paget’s disease. 1915, 
Jefferson described case Paget’s disease considerable detail and 
illustrated his paper with lateral radiograph the skull. appears 
the first writer illustrate radiographically basilar impression 
Paget’s disease. the years following this many papers, particularly 
the radiological literature, were published with illustrations 
disease the skull, some showing basilar impression, but frequently 
attention was drawn this complication. 1953, Poppel a/. reviewed 
the literature and found reports only cases Paget’s disease with 
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basilar impression. their personal series patients showed what 
they considered significant degree basilar impression (see below). 


The association osteoporosis circumscripta the skull and Paget’s 
(1926) was the first coin the term “circumscribed 
Sosman (1927) suggested that might atypical form 
Paget’s disease. 

Kasabach and Gutman (1937) collected new cases osteoporosis 
circumscripta the skull and reviewed the previous literature. They 
described instances progression the radiological appearance from 
typical osteoporosis circumscripta classical Paget’s disease. They 
stated that the sex incidence was equal, and that the condition usually 
appeared after years age, but could start before the age 30, earlier 
life than typical Paget’s disease. None their cases osteoporosis 
circumscripta the skull was suspected clinically; about per cent 
them had symptoms referable the head, usually dull headache. One 
case was associated with intraventricular cyst and one further case 
the condition became sarcomatous. They did not make any mention 
the association basilar impression with osteoporosis circumscripta. 
Recently Collins and Winn (1955) have confirmed beyond any doubt, both 
histologically and radiographically, that osteoporosis circumscripta 
type Paget’s disease. 


THE PRESENT INVESTIGATION 


Clinical and radiological data were available for patients diagnosed 
suffering from Paget’s disease the skull. these were male (with 
average age examination years, ranging from years) 
and were female (with average age years, ranging from 
years). the lateral skull radiograph each patient four measure- 
ments were made, namely the basal angle degrees, the angle 
degrees between the plane the atlas vertebra and the plane the hard 
palate, McGregor’s measure mm., and Chamberlain’s measure 
mm. (for details, Bull, Nixon and Pratt, 

Grouping the patient was allocated one six 
groups examination his skull radiograph: Groups I-IV included 


1Fischgold, David and Brégeat (1952) postulated that basilar impression could 
best assessed coronal tomography through the atlanto-occipital joints and the 
odontoid process. Spillane, Pallis and Jones (1957), discussing the relative merits 
various methods judging the presence basilar impression, stated: 
posterior tomography the foramen magnum the only certain way diagnosing 
basilar 

would agree with these two groups workers, but must point out that the 
majority our cases were examined before knew Fischgold’s method and thus 
anteroposterior tomography was not performed them. seems that lateral 
radiograph adequate for screening purposes, and that coronal tomography should 
then done suspected cases basilar impression. 


patients exhibiting the bone thickening characteristic classical Paget’s 
disease, graded according severity four-point scale; Group 
comprised patients showing osteoporosis circumscripta; 
exhibiting both types bony change were included Group 

Group (Plate and B): this group the radiological diagnosis sometimes 
difficult the changes are definition minimal. Features consist slight 
thickening the skull, which may fairly localized may generalized, slight 
change the normal architecture the detailed bony pattern, and the presence 
very small patches. Enlargement the middle meningeal vascular 
markings uncommon The diagnosis can particularly difficult the 
elderly patient senile changes the bone pattern may difficult differentiate 
from early Paget’s disease. 

Group (Plate and B): this group there quite definite thickening the 
skull vault which may localized more often generalized, and the 
patches are fairly obvious. The middle meningeal vascular markings 
enlarged (5/10). 

Group (Plate and B): the changes are even more marked than the previous 
group. The skull quite markedly thickened, and the patches are 
exceedingly obvious. The meningeal vascular markings may enlarged (5/14). 

Group (Plate IVA and B): the most advanced and florid cases were included 
this group. all them the skull thickening extremely marked and ranges 
cm. The middle meningeal vascular markings are enlarged the majority 
patients (7/13). 

Group (Plate and B): here there evidence both the classical changes 
seen Paget’s disease and osteoporosis circumscripta. The middle meningeal 
vascular markings were not enlarged any the patients this group. 

Group (Plate and B): the patients this group show the signs osteoporosis 
circumscripta alone. The appearances are quite characteristic, and have been well 
described the past (Collins and Winn, 1955). The middle meningeal vascular 
markings were not enlarged any the patients this group. 

Incidence basilar patients were first classified 
with respect basilar impression the basis 
their individual values and according the statistical criterion 
adopted the earlier paper (Bull 1955): any one the three 
values for patient reached exceeded the corresponding criterion 
values m=+9 mm., and mm., that patient was 
classified (these criterion values being the limits vari- 
ation observed subjects). 

(31 per cent) the patients were found abnormal these 
criteria, comprising (23 per cent) males and (39 per cent) 
females. these patients, were abnormal according the 
twentieth patient reached the criterion value for only, her values being 
mm. 

Table shows the distribution abnormality according sex and 
will seen that there tendency for the incidence basilar 
impression rise from Group Group IV; the incidence low the 
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SEX, GROUP AND PRESENCE BASILAR 


IMPRESSION 
With 
Number cases Total 

Female 
Total 

Female 
Total 

20% 
Female 
Total 

29% 
Female 
Total 

54% 
Female 
Total 

14% 
Female 
Total 

43% 
Total Male 
Female 


osteoporosis Group and high the mixed Group There 
suggestion that the tendency relatively more marked among females. 

noteworthy that Poppel a/. (1953) found that (36 per cent) 
cases Paget’s disease (including with osteoporosis circumscripta 
only) had basilar impression according the criterion mm.; the 
corresponding figure from the present data (14 per cent) 
discrepancy, common with others respect Chamberlain’s measure 
discussed the earlier paper (Bull a/., 1955), probably reflects the 
relative imprecision definition this measure. 

The radiographical actual values the various 
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measures made the skull radiographs were examined also for possible 
relationships progress the disease, sex, and severity bony change. 
patients were seen and X-rayed more than one occasion over 
period years. these patients showed definite increase the 
degree basilar impression measured values the angle the data 
being 

Group III: 32° 47; 34° 49; 41° 52; 

Group III: 31° 61; 34° 64; 

all cases the angle increased the rate per year. The first these 
three patients, X-rayed 26.1.50, showed evidence Group III Paget’s disease 
with marked basilar impression and sagging downwards the lowermost 
portion the squamous occipital bone. The skull was again X-rayed 28.10.54, 
nearly five years later, and comparison the two series films (Plate and 
showed that the disease had advanced considerably and that the vault had become 
even thicker and the involvement more generalized. The degree basilar impression 
had also increased, the angle now being Another patient, the other hand, 
first X-rayed 10.3.37, showed evidence Group Paget’s disease associated 
with marked basilar impression The patient returned for further 
examination 16.9.52 and comparison the two series skull films (Plate 
and showed little change, now measuring 29°. other patients, who were 
X-rayed intervals nine years, showed little change the value 
the severity the disease process over the years. The behaviour the and 
values was similar though less marked. When the series whole was examined, 
definite trends emerged respect age. 

The values the four measures and from the patients the present 
series were analysed after the patients Group had been reallocated Groups 
I-IV the basis the severity the bony changes they exhibited. For patients 
seen more than one occasion, data from the first examination only were included 
the analysis. 

When the values the three measures and were examined, became apparent 
that there was marked tendency for rise with increasing severity the 
disease, and that similar though less marked tendency characterized the corresponding 
values the whole this tendency was more marked for females, who also 
tended have higher values all three measures than males the same severity 
group. patients, male and female, appeared clearly distinguished from the rest 
exceptionally high values, the relative separation from the rest being clearer for 
and than for their data were 

(The nearest values the three measures found among the remaining patients were 
m=15 mm. and c=10 mm., three different patients.) Clinically these 
patients were fact distinguished the presence symptoms attributable 
pressure the region the foramen magnum. similar small group patients 
with pressure symptoms and exceptionally high values was found the previous 
series cases primary basilar impression; noteworthy that the tendency then 
noted for the value the basal angle significantly raised such patients 
some extent confirmed the present group, for whom the mean basal angle 
140°, significantly above the mean value normal individuals 130°. 


XUM 


PAGET’S DISEASE THE SKULL 


the further analysis the values and within the four severity groups 
(augmented the Group patients), these patients with pressure symptoms were 
therefore left out account. The mean values the three measures among the 
remaining patients are then Table and fig. the tendencies already 


MALES 


Fic. values and for each severity group. 


mentioned emerge more clearly. the first place, definite increase mean value 
with severity occurs only for the angle even then much more clearly marked 
for females than for males. definite increase and occurs only for females; 
there fact tendency for and going from Group III Group IV. 
The overall picture regards basilar impression and Paget’s disease the skull 
that the degree the one tends increase with the severity the other, but relatively 
more for females, that for the less severe cases the degree basilar 
impression relatively greater for males than for females, whereas the reverse 
true for the more severe cases. 


(degrees) 
(millinetzes) 
a. 


Q 


DISEASE, SEX AND SEVERITY GROUP (GROUP 
PATIENTS RECLASSIFIED); No. CASES BRACKETS 


Group 
(degrees) 5-7 (7) (6) 8-0 (8) (4) 
(5) (7) 14-3 (9) 
(12) (13) 9-1 (15) (13) 
2-6 (7) (6) 4-3 (8) 3-0 (4) 
1-2 (5) 4-9 (7) (9) 
1-0 (12) (13) 5-6 (13) 
(7) (6) 0-6 (8) 1-8 (4) 
15-2 (6) 32-5 (8) (4) 
1-2 (5) 39-3 (7) 46:1 (7) (9) 
12-5 (12) 28-2 (13) 38-9 (15) 48-6 (13) 


The difference between the values McGregor’s measure and that Chamberlain 
being necessarily the same greater—i.e. more positive—than the average 
rather more for the cases Paget’s disease (especially for females) than for either 
the normals the abnormals the previous investigation, being 3-9 mm. (range 
1-10 mm.) against mm. (range 0-5 mm.) 2:2 mm. (range 0-6 mm.) respec- 
tively. Nevertheless values the two measures are highly correlated, naturally 
enough view their similarity definition. The mean difference for each 
severity group tends rise with severity, the figures being (I) 3-1 mm., (II) mm.. 
mm., mm. The explanation the greater difference between the 
two measures cases Paget’s disease lies the fact that the posterior reference 
point for McGregor’s line “the most caudal point the occipital curve the 
true lateral (McGregor, 1948), which unlikely rise and may even fall 
when that part the skull involved Paget’s disease, whereas the posterior 
reference point for Chamberlain’s line the dorsal lip the foramen magnum, 
which tends rise with the progress bony softening that area. 

compound discriminant measure.—In normal subjects pairs values and 
are very slightly correlated: when they are plotted points scatter diagram, 
the representative points are more less equally distributed all directions about 
the point (8=0°, mm.) representing the average values, and there 
only very slight tendency for the two measures both above both below 
their average values when taken from the same individual. Perhaps the most striking 
demonstration the abnormality respect basilar impression the present series 
cases Paget’s disease the concentration the corresponding representative 
points the positive quadrant the scatter diagram (fig. This concentration 
expresses the fact that the patients group tend have values both and 
the side the mean values for the general population. fact the 
representative points for the Paget cases are strung out the general direction 
the line along which the the previous investigation also 
tended lie. This suggests that the combined measure degrees 
and mm.) would serve better indicator basilar impression than either 
The data the two measures from the subjects the earlier 
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study suggest that the general population the composite measure will have 
mean and standard deviation about 15, that persons with z-value greater 

The values for the patients with pressure symptoms are then 136, 166, 146 
and 133 respectively; the nearest values among the remaining cases are 102 and 
both occurring Group patients. 

Leaving these cases out account, therefore, mean values for the various 
severity groups are then Table and fig. Again increase with increasing 
severity clearly seen for the females, more obscurely for the males. The mean 
value for the group patients with osteoporosis circumscripta 15-6, the highest 
value being 55. 

Values the basal mean value the basal angle normal subjects 
appears about 130° with standard deviation about (Bull 1955); 
high values the order 145 indicate the presence Reference 
has already been made the high values exhibited the four patients with foraminal 
pressure symptoms, which were 142°, 138° and 136° respectively. Such values 
were not, however, exceptional among the other patients, whom had values 
136° more, and calculating the mean values given Table III the pressure 
cases have been included. Table III shows that there tendency for the basal 
angle decrease with increasing severity bony change, beginning from average 
value near the “normal” average value 130° for the least severe cases; the tendency 
again more marked for females. 

Clinical features neurological involvement from basilar impression.— 
Schiiller (1911) recognized that basilar impression might give rise neuro- 
logical disturbances, which classified three groups: 

(i) Paresis irritation the upper cervical lower cranial nerves; 

(ii) Pressure the cerebellum and displacement the aqueduct 

Compression the medulla. 


and Retzius (1855) appear have been the first provide 
name for what now generally known basilar baseos 
(1872) had, however, used the term deformity Barnard Davis” (1862) 
describe the same bony change: was the first attempt any 
ment the deformity. drew attention Daubenton’s (1764a, 
the plane the occipital foramen man and animals, and his 
description the occipital angle (fig. 3). described this the angle 
between the plane the occipital foramen and the plane which passes between the 
posterior border the occipital foramen and the inferior border the orbits. 
Broca stated that negative measurement Daubenton’s occipital angle more 
than —12° indicated the plastic deformity Barnard Davis. Topinard (1876, 
194) considered that negative occipital angle Daubenton more than 
was adequate for diagnosis this condition, and stated that Broca called 
anthropologists (see and Turner, 1950) indicate increase the basal 
angle, formed the two lines joining the three following points—the nasion, the 
pituitary point and the basion. 

(1913) introduced the term for basilar impression. was 
regrettable that when Chamberlain (1939) suggested the first criterion for the 
radiological diagnosis basilar impression called platybasia. 


MEASURE 


NORMAL 


BASILAR IMPRESSION 


Daubentons Occipital Angle 


FiG. 3.—Sketches from lateral skull X-rays showing 
occipital angle the normal and basilar impression. 
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Fic. 2.—Scatter diagram pairs values and for cases Paget’s disease. 
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TABLE VALUES BASAL ANGLE FOR CASES 
SEX AND (GROUP PATIENTS RECLASSIFIED); No. 
CASES BRACKETS 


134 (6) 126 (8) 130 (4) 127 (5) 
131 (8) 128 (9) 122 (9) 126 (2) 


Reports cases the literature since then have added very little this 
grouping, but the relative frequency neurological involvement has 
become more apparent, and has been possible observe how often 
different modes presentation occur. 

study the cases the present series with neurological involvement 
from basilar impression Paget’s disease, and others taken from 
the literature (Antoni, 1925; Davidoff and Epstein, 1950, 436; Dubois- 
Ferriére, 1940; Garcin and 1953; Goodbody and Roberts, 
1950; Gutman and Kasabach, 1936; Phillips, 1955; Ray, 1942; Riser, 
Lazorthes, Géraud and Puig, 1949; Wycis, 1944) shows that when neuro- 
logical symptoms occur they are usually slow developing. 

The usual length the history one five years, although may 
short three months long twelve years. The commonest 
symptom headache, which frequently occipital and aggravated 
coughing, sneezing straining. Unsteadiness walking also 
very frequent complaint, the ataxia often being confined the trunk 
and the lower limbs, indicating mid-line cerebellar defect. Vertigo 
infrequent, but does occur some cases without ataxia. The deafness 
present almost half the cases probably due osteitis deformans 
the temporal bones and not the basilar impression. 

Other isolated cranial nerve palsies are rare, but visual failure, 
numbness and pain the face, dysphagia and nasal regurgitation 
fluids have been recorded. Symptoms and signs affection the long 
motor and sensory pathways are found almost half the cases. 
Increased intracranial pressure may occur and the slow distortion the 
region the foramen magnum and the aqueduct Sylvius may lead 
hydrocephalus. 

The diagnosis the neurological complications basilar impression 
may straightforward, and analysis the present series has shown that 
those cases with neurological complications have greater degree 
basilar impression, shown the lateral radiograph, than those without. 

However, the observations Marie, Léri and Chatelin (1912), 
(1913), Marie and Léri (1919), Jefferson (1915), Moreton (1943), Bull 
(1946) and the present series indicate that considerable degree basal 
deformity can exist without any disturbance neurological function. 
the bony deformity may exist without any neurological symptoms and 
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signs, when the two occur together has decided whether they are 
causally related. well known that primary basilar impression 
congenital deformities such fibrous bands and dural adhesions may 
cause more disturbance the brain-stem than the bony abnormality; 
the report Guillaume, Droguet and Péroz (1952) indicates that this may 
happen even cases basilar impression secondary Paget’s disease. 
Vascular hypertension occurring patients with Paget’s disease may give 
rise difficulty early diagnosis, when headaches, dizziness and slight 
ataxia could due either condition. Courville and Langmade (1947) 
reported patients with Paget’s disease, one whom had thrombosis 
the basilar artery producing brain-stem syndrome. These authors stress 
the coincidental nature many the neurological disorders seen when 
this bony disease affects the skull. 


DISCUSSION 


The radiological appearances Paget’s disease the skull vary ex- 
tremely widely. The fact that basilar impression has been frequently 
observed the mildest form the condition seen radiologically 
indicates that softening the skull base can take place the absence 
any gross radiological signs the skull vault. Conversely, extremely 
advanced case Paget’s disease with involvement the whole the 
vault may show evidence all basilar impression, thus presumably 
indicating that softening the base does not always take place concurrent- 
with the other changes. 

has been shown that the progress the disease varies very much 
although unfortunately only limited information has been obtained 
this point. None the less one very severe case Paget’s disease followed 
radiologically for fifteen years with change shows that deterioration 
does not necessarily continue take place. 

Basilar impression secondary Paget’s disease may produce neuro- 
logical disturbance compression and distortion the structures 
adjacent the foramen magnum, and the contents the posterior 
fossa and upper cervical spinal canal. This leads combination 
lower cranial nerve, cerebellar, and upper cervical cord symptoms and 
signs. Invagination the skull base with distortion the fourth ventricle 
and aqueduct Sylvius may give rise increased intracranial pressure 
and hydrocephalus. 

Sarcomatous metaplasia well-known complication Paget’s 
disease. have positive evidence that sarcoma developed any 
the skulls this series. However, since not know the ultimate fate 
many the cases cannot deny the possibility sarcoma developing 
one more them. The literature gives the impression that sarcoma 
supervenes quite often Paget’s disease, impression which may have 
been coloured Paget’s (1877) original paper, which one instance 
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cancer” and one instance growth arising from the inner 
surface the dura mater occurred eight patients, and Goodhart’s 
(1876) contribution the discussion which followed Paget’s paper. 
have not seen single case developing sarcoma the last decade, and 
therefore think rare. Collins (1956) reached the same conclusion, 
and contrasted the rarity sarcoma with the frequency Paget’s disease 
bone which found 3-7 per cent series 650 necropsies 
persons over the age 40. 


SUMMARY 


Basilar impression was found series patients with varying 
degrees Paget’s disease the skull. 

discriminant measure, combining the value for McGregor’s criterion 
with the value for the angle between the plane the atlas vertebra and 
the plane the hard palate, serves better indicator basilar impres- 
sion than either these measures taken alone. 

The neurological disturbances produced compression and distortion 
the neuraxis are briefly discussed. 
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PLATE 


I—without basilar impression. I—with basilar impression. 


PLATE 


IV—with basilar impression (note 
large middle meningeal vascular grooves). 


C—without basilar impression. C—with basilar impression. 


Va—Group M—without basilar impression. M—with basilar impression. 


PLATE 


VITA 
Increase degree basilar impression over period five years. 


Ae 


Absence progression degree basilar impression over period fifteen years. 
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THE CERVICAL SPINAL CANAL SYRINGOMYELIA 


The Departments Neurology and Radiology, Cardiff Royal Infirmary 


ENLARGEMENT the spinal canal result erosion tumour 
today well-recognized the antero-posterior 
radiographs the spine may suggest local widening: this can confirmed 
measurement the interpedicular distance which often increased 
the level tumour and may indeed the first radiological sign 
such lesion. Elsberg and Dyke (1934), who were among the pioneers 
this technique, measured this distance each vertebral level 
series standard radiographs normal spines basis for their 
subsequent study cases spinal tumour. Their chart, now familiar, 
showing the average and maximum transverse diameters the normal 
spinal canal each vertebral level was based this study 100 normal 
adult spines. They found that was often impossible visualize the 
pedicles the upper four cervical vertebre; most their reported 
cases tumour were the dorsal, lumbar sacral regions. They 
stressed the importance sudden change the measurements 
successive levels, observation which has been confirmed and amplified 
recent years. Their experience intramedullary tumours was 
the time too small draw any valid conclusions, but interesting 
that they reported change the interpedicular measurements three 
cases syringomyelia. 

Both these investigators were well known one (J. S.). 
They possessed highly developed powers observation and were wont 
describe with some amusement the scepticism with which their earlier 
observations this subject were received. Some their critics thought 
that the spinal canal mere mm. would 
never accepted being pathologically significant. 

During the past decade radiographs the cervical spine have been 
increasingly studied, largely result the description and acceptance 
the syndrome cervical spondylosis. factor which may 
important the pathogenesis the associated cervical myelopathy 
the size the spinal canal. recent study the cervical spine 
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(Payne and Spillane, 1957) the sagittal diameter was measured each 
vertebral level radiographs (30 normal; spondylotics; 
spondylotics with myelopathy). average diameter was found 
mm. from the normals and about mm. the cases 
with myelopathy. Lindgren (1937) was one the first measure the 
sagittal diameter, reporting widening the canal this plane 
cases cervical spinal tumour. was, however, not until 1954 
that series measurements, comparable Elsberg and Dyke’s figures 
for the interpedicular distances, became available for the sagittal diameter 
the normal cervical spinal canal. that year Boijsen published his 
findings from examination this diameter 100 men and 100 women, 
but used relatively short tube-film distance which led distortion 
and magnification the canal. his paper described patients 
with syringomyelia whom the cervical canal was there 
was mild cerebellar “herniation” them. doubted whether 
the form could such marked 
expansion these pointed out, however, that widening 
the canal was seen only young patients and concluded that 
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Fic. 1.—The natural variation the sagittal diameter the cervical spinal canal: 
the curves the average, maximum and minimum measurements. Redrawn from 
fig. Wolf, Khilnani and Malis (1956). 
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intramedullary tumours had been present “before ossification the 
growth centres” the cervical 

Wolf and his colleagues (1956) were interested the sagittal diameter 
patients with spondylosis. Using different technique with the 
longer tube-film distance in., they repeated Boijsen’s work 
measuring the sagittal diameter normal controls and thus established 
the range variation this measurement each level from C7. 
They studied the films 200 normal adults (100 men and 100 women). 
The use the longer tube-film distance reduced distortion and the size 
the inevitable error arising from the slight variation object-film 
distance from case case. Nevertheless their results were close 
agreement with those Boijsen. the basis their 200 cases they 
were able plot the range variation from This was wide, 
namely mm. mm., but the measurement lay between mm. 
and mm. nearly per cent their cases. They plotted their 
results graph which has been redrawn fig. They suggested 
that reference pathological alteration the sagittal diameter 
the canal could estimated given case. have now examined 
more normal radiographs and fig. have plotted the results 
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Fic. 2.—The natural variation the sagittal diameter the cervical spinal canal: 
measurements from normal patients. 


obtained our total series normal adult spines the graph 
redrawn from fig. the paper Wolf, Khilnani and Malis. 
consider that this graph can adopted the basis for further studies 
alterations the size the adult canal. will seen that the 
average measurements normal cases were follows: mm. Cl; 

During the past few years, one (J. S.) noted that some 
cases syringomyelia the cervical spinal canal was wider than normal. 
For time this remained impression only; subsequently routine 
measurement the sagittal diameter the canal standard lateral 
radiographs demonstrated that this was neither illusion nor manifestation 
variable technique. systematic investigation was begun and this 


paper deals with its results. 


THE CLINICAL MATERIAL 


The material for this study has been selected from continuous series 
cases referred the Department Neurology, Cardiff Royal 
Infirmary, since 1951, whom clinical syndrome syringomyelia 
was found initial examination. these cases, have been rejected 
unsuitable; these major craniovertebral anomaly was 
present; history trauma the onset symptoms indicated 
hematomyelia; the subsequent progress suggested disseminated 
sclerosis; and the data were inadequate for firm clinical diagnosis. 

The remaining cases have been investigated hospital. Their 
ages, the onset symptoms, ranged from years; and the time 
first referral, from years. the patients were male and 
female. 

RADIOGRAPHIC TECHNIQUE 

Standard lateral projections the cervical spine were made with the patient the 
erect position and with tube-to-film distance ft.; for the antero-posterior projec- 
tions the tube-to-film distance was ft. The sagittal diameter the spinal canal was 
measured millimetres opposite each vertebra the manner Boijsen, and Wolf 
and colleagues, namely from the middle the posterior surface the body the 
vertebra the nearest point the line cortex seen the junction spinous process 
and (fig. 3). were made with geometrical dividers optimal 
lighting conditions and the mean figure was checked two before was 
recorded. the measurement was taken from the posterior surface the odontoid 
process the level the inferior edge the arch the atlas. Tomography and 
myelography were also used the investigation the majority the patients 
but measurements were not made these films view the considerable and 
necessary variations the technique adopted (fig. 14). 


THE CANAL MEASUREMENTS THE CASES 


Table are the measurements the sagittal diameter which 
obtained. The canal was considered wide (20 mm. more) 
cases (Cases 10, 11, 12, 13, 18, 19, 20, 23, 24, 31). 


THE CERVICAL SPINAL CANAL SYRINGOMYELIA 


4, 
Fic. 3.—The sagittal diameter the cervical spinal canal. Line drawing lateral 
radiograph illustrating method measurement each vertebral level. 


none was there any localized area erosion pedicle lamina. 

cases (figs. and scalloping the posterior surfaces the vertebral 

bodies was seen. The size, shape and architecture the cervical 

vertebre were otherwise normal. The general appearance suggested 

that cases the spinal canal was roomier than the average (figs. 

10, 11, 12, 13). 
The interpedicular distances the lower cervical and upper dorsal 

spine (C4 D4) were examined the anteroposterior radiographs. 

Although accurate measurement these distances was practicable 

the dorsal region, was more difficult and consequently less exact 

the cervical region. Whereas the pedicles the dorsal lie 

the plane the X-rays, the cervical pedicles lie obliquely and are 

imperfectly defined many cases; they tend also obscured the 

sclerotic changes spondylosis the older patients. further source 

error was found the unavoidable variation object-film distance 

due the degree kyphosis which was present many patients. 


22mm. 


(Variation object-film distance distorts the radiographic image more 
than equal variation the tube-film distance.) 

All measurements were compared with the chart Elsberg and Dyke 
(1934). Those the dorsal region were normal all cases. The 
cervical measurements probably came within the normal range but, for 
the technical reasons stated, these figures could not considered precise. 
found nevertheless that, among the cases with wide sagittal 
diameter, these measurements tended lie the upper reaches 
normal rather than scattered around the mean figure. This tendency 
was not observed the other cases. 


ANALYSIS RESULTS 


considering the data these patients found that were 
less than years age the onset symptoms. Tables and 
III are included the ages onset and canal size the two groups 
patients. Divided this way see that wide canal found 
out cases when the onset was before years age (Group 
and only out cases which the onset was after years age 
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Fic, 4.—The sagittal diameter the cervical spinal canal syringomyelia: measure- 
ments from patients whose symptoms began before years (Group I). 
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TABLE I.—THE SAGITTAL DIAMETER THE CERVICAL SPINAL CANAL 
CASES SYRINGOMYELIC SYNDROME 


Age 


(Group 2). The average measurements Group were mm.; 
C;., mm. figs. and actual measurements Groups and 
are plotted graph form. will seen that Group the general 
tendency wide spinal canal whereas Group there such 
trend. 

now turn the clinical aspects the two groups patients 
may summarize follows. 


Group 1.—Onset Under Years Age 


cases, which were male and female. Their ages ranged 
onset symptoms, from years and time first referral from 


SYRINGOMYELIA 
Onset Arter 30. 


MIN. 
Fic. 5.—The sagittal diameter the cervical spinal canal syringomyelia. 
ments from patients whose symptoms began years (Group 2). 


local expansion the cervical cord was demonstrated. Laminectomy 
was performed cases; cyst the cervical cord was found and 
clear fluid aspirated from it. 


Group 2.—Onset Over Years Age 


cases, which were male and female. Their ages ranged 
onset symptoms, from years; and time first referral, 
which local expansion the cervical cord was found. Laminectomy 
was performed cases; all cyst the cervical cord was 
demonstrated. 

Tables and III are given the ages onset and the time 
referral the neurological department. Group the onset occurred 
the first decade the second decade and the third decade 
cases. The interval between onset and referral this group varied 
from one year fifty-four years. cases this interval was less than 
six years; was twenty-one years more cases. 
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Age Age 
yrs. yrs. 

Female Wide 
Female Wide 
Male Wide 
Male Wide 
Male Wide 
Female Normal 
Male Wide 
Male Wide 
Male Wide 
Male Wide 
Female Normal 
Female Wide 
Female Wide 
Male Wide 
Male Wide 
Male Normal 
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IIA 
Interval between onset and referral years 


Cervical spinal canal 
Laminectomy 


Age Age 


Female Normal 
Male Normal 
Male Normal 
Male Wide 

Female Normal 
Male Normal 
Male Normal 
Male Normal 
Female Normal 
Female Normal 
Female Normal 
Male Normal 
Male Normal 
Male Normal 
Female Normal 
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Interval between onset and referral months years 

cases Over years but less than years 

Cervical spinal canal 

Laminectomy 


Group the onset occurred the fourth decade the fifth 
decade and the sixth decade cases. The interval between 
onset and referral this group varied between six months and twenty 
years. cases this interval was less than six years; was over ten 
years cases. 

DISCUSSION 


Our investigation therefore disclosed that out cases the 
syringomyelic syndrome the sagittal diameter the cervical spinal 
canal was large mm. over). Examination the case reports 
showed particular features the history, physical signs and special 
investigations which marked these cases out from those with normal- 
sized canal, with one outstanding exception: the cases with 
wide canal, symptoms had begun before the age 
Consequently the cases were broken into two groups: those whom 
symptoms had begun before years age (Group and those whose 
symptoms began after this age (Group 2). The characteristics these 
two groups are summarized Tables and 

Allowing for the differences naturally consequent division age, 
the similarities between the two groups are striking the single 
major difference, namely the size the spinal canal. each, the ages 
onset are spread over range twenty-four years and each the 
intervals between onset and referral are much the same. Subdivision 
cases into those referred early and those referred late again shows 
similar distribution: although cases Group who were referred late 
the illness ran more protracted course. 

Laminectomy was carried out cases: these were from Group 
and from Group intramedullary cyst was found cases; 
cyst was found 50-year-old male from Group with classical 
history syringomyelia and syringobulbia whose first symptoms began 
the age years. the indications, well the scope and results 
surgery, are present ill-defined, selection cases this series 
reflected the severity the disorder and recent progression. The value 
surgery could not determined from such small group cases. 
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Syringomyelia generally considered disease the first half 
adult life with maximum incidence onset between the years 
and 40. rarely seen begin children the elderly. 
differentiation from intramedullary glioma, clinical findings, often 
difficult and may indeed prove problem for the pathologist. Perusal 
the literature emphasizes this difficulty, although the impression 
ineradicable that syringomyelia clinical entity. Reports cervical 
glioma covering all age groups agree placing the maximum incidence 
the onset symptoms the fourth decade (Craig and Shelden, 1940; 
Shenkin and Alpers, 1944; Woltman and his colleagues, 1951). Poser’s 
figures (Poser, 1956) need critical evaluation. compiled two series 
cases from the literature which the cord had been examined 
autopsy. His first group comprised 245 cases which had been clinically 
diagnosed syringomyelia: these per cent) were found 
autopsy also have associated tumour. His second group was made 
209 cases verified glioma the cord, which (31 per 
cent) syrinx was also found post-mortem. Since defined syrinx, 
for the purpose his review, abnormal cavity the brain-stem 
spinal cord without qualification, consider that the next step 
his argument liable misinterpretation. simple addition the 
cases his two series, arrived the interesting conclusion that 
454 spinal cords examined for syringomyelia for glioma 105 cords 
(23-1 per cent) were shown have both conditions. But, study 
his definition syrinx alone will make clear, cannot inferred from 
this finding that nearly quarter syringomyelics are also harbouring 
spinal neoplasm. The terms the implied syllogism are such that 
this conclusion would nice example the fallacy the undistributed 
middle. Poser gave 39-6 years the average age death his series 
syringomyelia. The average age death his cases with glioma 
was 31-0 years. 

Some neurologists have come regard syringomyelia not clinical 
entity but syndrome consisting complex symptoms and 
signs due cavitation and gliosis within the central grey matter the 
cord, the end-result variety pathological processes. Nielsen 
(1957) based diagnosis the syringomyelic syndrome upon large 
and progressive area dissociated sensory loss: trauma, arachnoiditis 
and congenital malformations were quoted etiological factors 
some his cases. Finlayson (1955) divided syringomyelia into 
congenital and acquired types. considered that the former was 
some way related the dysraphic state and defective closure the 
neural tube, whereas the latter were examples secondary softening 
within glioma. 

seems us, however, that such observations means invalidate 
the concept syringomyelia clinical and pathological entity. The 
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classical picture slowly progressive lesion young adults, often 
with long intervals during which the process seems arrested but 
without any remission the established disability; lesion giving 
rise characteristic pattern muscle wasting, trophic disturbance 
and reflex loss the upper limbs together with suspended area 
dissociated sensory loss, and some cases with pyramidal and bulbar 
signs—this picture long established neurological thought has yet 
discounted. have found reason doubt the reality this 
disease during the course our investigation. the other hand, the 
clinical picture cervical glioma seems equally real. This 
usually presents with syringomyelic syndrome the middle-aged 
elderly patient whom symptoms have developed apace, often within 
the matter months. Spinal manometric block, raised protein content 
the cerebrospinal fluid, often Froin’s syndrome, with myelographic 
abnormality complete the picture cervical glioma. operation 
fluid from gliomatous cyst often yellow and rich protein. 

our series there were cases Group which considered 
that syringomyelia was inadequate diagnosis: Case only, with 
three-year history and cerebrospinal fluid protein 115 mg. per cent, 
were there grounds for considering tumour. The patient remains active, 
moderately disabled but continues his full duties schoolmaster. 
Two cases from this group have died. Case died one year after 
laminectomy. There had been little change his neurological status 
following this procedure and was leading very restricted life 
home. was found one morning bed coma and died hospital 
twenty-four hours later. autopsy cervico-medullary syrinx was 
found, into the upper part which there had been recent hemorrhage. 
other cause death was discovered. Case died within six months 
laminectomy after progressive deterioration. Autopsy was refused. 

Group there were cases which the syndrome was probably due 
the first symptom had occurred five years before her referral, the tempo 
the disease had increased rapidly the eighteen months before her 
admission hospital. The protein content the cerebrospinal fluid 
was raised and expanding lesion the cervical cord was shown 
myelographically. large cyst was opened laminectomy and the 
fluid was straw-coloured. Post-operatively she has continued 
deteriorate. Case was female whom symptoms began the age 
48, three years before admission. She was greatly disabled with 
tetraparesis, raised protein the C.S.F. and with myelographic evidence 
cervical cord tumour. laminectomy ml. yellow fluid were 
aspirated from the cervical cord: the protein content this was over 
grams per cent. She remains crippled and incontinent. Case was 
male aged the onset his symptoms which began six months 
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before his admission hospital. was tetraparetic. 
cord cyst was drained laminectomy, the protein content which was 
increased. remains moderately disabled three years later. Case 
was male, years age when was first examined, eighteen months 
after the onset symptoms. Disability was not very severe, being 
limited the upper limbs, but the right arm was little use him. 
Myelogram showed expanding lesion the lower cervical cord. 
His symptoms have progressed slowly the year during which has 
been under observation. 

The remaining cases Group were clinically indistinguishable 
from those Group other than the later age onset. But whereas 
wide cervical spinal canal was found out cases Group 
was present only case (in which there was suspicion tumour) 
Group may significant that symptoms this patient began 
years, that fell relatively small margin within the confines 
Group 


THE NATURE THE WIDE SPINAL CANAL SYRINGOMYELIA 


Although have demonstrated relative widening the cervical 
canal its sagittal diameter these cases syringomyelia, the actual 
measurements most cases fall within the described range natural 
variation. The configuration the vertebre, with two exceptions, 
does not differ from the normal. most cases has been possible 
also measure the coronal diameter the canal lower levels, i.e. the 
interpedicular distances, and these have fallen within the normal range. 
Certain questions naturally arise concerning the relationship between 
the spinal cord lesion and the vertebral 


(1) Does the Expanding Cord Cause Pressure Atrophy the 
Widening the Canal Tumour 


generally accepted that intraspinal tumours erosion 
pedicles and precedes scalloping the posterior surfaces the 
bodies the vertebre (Shanks and Kerley, 1951; Pendergrass, Schaeffer 
and Hodes, 1956). The posterior longitudinal ligament the 
intervertebral discs are the structures most resistant erosion. The 
prime factor this process considered interruption blood 
supply the area bone concerned (Weinmann and Sicher, 1955). 
difficult understand why expanding intramedullary lesion should 
affect the walls the canal different sequence, but this suggested 
both Friedl (1946) and Boijsen (1954). our cases (Cases 
and 10) scalloping the bodies was associated with prominence the 
pedicles and intervertebral foramina the lateral radiograph, and 
Case there was unusual formation the bodies themselves. The 
interpedicular measurements were normal all our cases. 


The transverse diameter the spinal canal the cervical region 
greater than the sagittal; the canal roughly triangular cross section. 
the dorsal region the canal smaller and oval shape due the 
more dorsally directed pedicles. expanding intramedullary cervical 
lesion might first expected affect the spinal canal its sagittal 
diameter. Indeed, Boijsen has said that the pedicle with its thick 
compacta would more resistant pressure atrophy than the posterior 
surface the body the vertebra with its thin cortex overlying spongy 
bone. Nevertheless, elsewhere the spinal column generally agreed 
that erosion tumour usually first affects the pedicles and 
the case cervical cord tumours this point needs clarification. 

Erosion syringomyelia certainly rare but mentioned 
Bull (1951), Brain (1955), Finlayson (1955) and others. Boijsen 
stated that the cases syringomyelia which found 
enlargement the sagittal diameter the cervical canal arches 
were definitely eroded” laminectomy. our cases, there 
has been radiological sign bone erosion pedicles and 
and this feature was certainly absent the cases submitted 
laminectomy which included the cases with scalloping. 

these findings not consider that pressure atrophy the 
usual cause widening the cervical canal syringomyelia. 


(2) the Association Not One Cause and Effect But Expression 


The work the experimental embryologists (Spemann, 1938; 
Holtfreter, 1934, 1951) demonstrated clearly the interdependence 
neural tube and axial mesoderm; later came the study genetic inter- 
action. How far these observations are applicable mammals and 
man has yet determined: already recognition the interspecific 
activity the primary organizer suggests that the fundamental bio- 
chemical mechanisms embryogenesis are present the mammal 
1938) and the amphibian (Spemann, 1938). The great wealth 
knowledge this field has been collected and summarized Needham 
(1954) reviewed the developmental effects 
genetic mutation the house mouse. These studies have confirmed 
that, this mammal, disturbances the notochord-mesoderm system 
have been accompanied developmental defects the nervous system. 

The association anomalies arising from epiblastic and mesoblastic 
tissues commonplace syringomyelia. The osseous malformations, 
however, have been either distortions segmentation the horizontal 
plane (cranio-vertebral anomalies, fused vertebre, supernumerary ribs) 
failure mid-line closure (anterior and posterior spina bifida) 
regional dysplasia (disturbance size and number bones). 
Anomalies both axial and appendicular skeletons, though present 
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few, have not been feature our cases and seem different 
kind from the change the vertebral canal which are describing. 
Apart from the widening the sagittal diameter most the vertebre 
our cases have had characteristically normal shape. This itself 
suggests that the cause this variation different from the early 
disturbance embryogenesis which believed underly the later 
development syringomyelia. 


(3) the Neural Arches Adapt Themselves the Abnormal Size the 


The finding that wide cervical spinal canal syringomyelia applies 
essentially cases early onset (under years) suggests that are 
dealing with adaptation during growth. Progressive expansion the 
cervical cord might induce alteration the normal development 
the spinal canal, provided that syrinx formation was well established 
before the cessation vertebral growth. But not know the time 
which the syrinx begins form. The onset symptoms does not 
necessarily imply the presence syrinx: they may due slit formation 
gliosis. the human embryo vertebra reaches the membranous, 
cartilaginous and bony stages approximately the 5th, 6th and 7th weeks 
gestation. The ossifications the neural arch fuse posteriorly during 
the first year life; those for the centrum and two halves the neural 
arch meet the neuro-central suture and unite during the fourth 
fifth year. The subsequent growth the spinal canal has been studied 
radiologically Schwarz (1956). measured the interpedicular 
distances all vertebral levels during infancy, childhood and adolescence 
adult life. found that different regions the spine grew different 
rates. The minimum rate growth was and the maximum 
growth being continuous and not step-fashion. all vertebre, 
moreover, growth the spinal canal ceased the same age (18 
years). The canal the cervical spine was wider than the thoracic not 
because grew for longer time but because grew faster rate. 
The details this growth seem present unknown. 


Barry and colleagues (1957) have recently stated that the essential 
pathogenesis the Arnold-Chiari malformation may neural over- 
growth certain stage development. conceivable that similar 
overgrowth neural glial elements may occur stage the develop- 
ment the potentially syringomyelic cord. The association the Arnold- 
Chiari malformation and syringomyelia not uncommon. the former 
anomaly increase the sagittal diameter the upper cervical vertebre 
may demonstrated whereas the measurement the lower 
levels normal. The foramen magnum may also enlarged the 
Arnold-Chiari malformation. 
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SUMMARY AND CONCLUSIONS 


The cervical spinal canal was examined standard radiographs 
cases presenting with syringomyelic syndrome. Particular study 
was made the size the sagittal diameter the canal the lateral 
radiograph. 

This diameter was found wider than normal cases. 
these, cases occurred among patients whose symptoms had begun 
before the age years; one case occurred among the patients whose 
symptoms began after years. 

The configuration and architecture the vertebre were normal 
cases, but scalloping the posterior surfaces the vertebral 
bodies was seen. 

Three causes the wide canal were considered: erosion, associated 
bony anomaly and adaptation the unusual girth the syringomyelic 
cord. The evidence suggested that adaptation during growth the 
canal was the main factor. The unusual appearance the 
cases suggested that there might sometimes 
developmental abnormality. 

The finding abnormally wide cervical spinal canal these 
cases was taken further evidence the developmental origin 
syringomyelia. 
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LEGENDS PLATES. 
PLATE VII. 


Fic. 6.—Lateral radiograph cervical spine flexion. Case female, aged 
years (Group began years. Laminectomy: Cyst cervical cord, 
cm. diameter long axis, clear fluid. (Sagittal diameters: mm.; 


Fic. 7.—Lateral radiograph cervical spine flexion. Case male, aged 
years (Group Symptoms began years. Laminectomy: Cyst cervical cord, 
probably free communication with fourth ventricle. (Sagittal diameters: mm.; 


Fic. 8.—Lateral radiograph cervical spine flexion. Case male, aged 
years (Group I). Symptoms began years. Laminectomy: Cyst cervical 
cord, containing clear fluid and communicating with another 
(Sagittal diameters: mm.; incl. mm.; mm.) 


Fic. 9.—Lateral radiograph cervical spine flexion. Case 10, female, aged 
years (Group Symptoms began years. Laminectomy: Cyst cervical cord 
containing clear fluid, probably free communication with fourth 
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PLATE VIII. 


Fic. 10.—Lateral radiograph cervical spine flexion. Case 11, male, aged 
years (Group I). Symptoms began years. Laminectomy: Cyst cervical cord 
containing clear fluid. (Sagittal diameters: mm.; mm.; mm.; 


Fic. 11.—Lateral radiograph cervical spine flexion. Case 18, male, aged 
years Symptoms began years. Trophic changes both hands which 
show early deformity. Dissociated sensory loss upper limbs with absent 
tendon reflexes. Disability slight. (Sagittal diameters: mm.; mm.; 


Fic. 12.—Lateral radiograph cervical spine flexion. Case 19, male, aged 
years (Group I). Symptoms began years. Weak right arm with absent tendon 
reflexes upper limbs and spastic paraparesis. Dissociated sensory Joss upper 
limbs and left trunk and left lower limb. Disability moderate. (Sagittal diameters: 


Fic. 13.—Lateral radiograph cervical spine flexion. Case 24, female, aged 
years (Group I). Symptoms began years. Early deformity both 
hands with dissociated sensory loss. Tendon reflexes absent upper limbs. Dis- 
C;_; incl. mm.) 


PLATE IX. 


Fic. tomogram cervical spine (140 cm. tube-film distance). Normal 
measurements healthy adult male. (Sagittal diameters: mm.; mm.; 


Fic. tomogram cervical spine (140 cm. tube-film distance). Case 
18, male, aged years (Group began years. Trophic changes 
both hands which show early deformity. Dissociated sensory loss upper 
limbs with absent tendon reflexes. Disability slight. (Sagittal diameters: mm.; 
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REFSUM’S SYNDROME 
HEREDOPATHIA ATACTICA POLYNEURITIFORMIS 


REPORT THREE CASES, INCLUDING STUDY THE 
CARDIAC PATHOLOGY 


From the Neurological Department, St. Mary’s Hospital 
and the Institute Cardiology and National Heart Hospital 


1945 familial syndrome was described Refsum which exact 
parallel had hitherto been published. The main clinical features this 
syndrome were hemeralopia, concentric limitation the visual fields 
associated with atypical retinitis pigmentosa, polyneuritis-like con- 
dition with paresis peripheral distribution, and ataxia cerebellar 
origin. Other findings were pupillary abnormalities, neurogenic im- 
pairment hearing, abnormalities the electrocardiogram and 
marked rise the albumen and globulin content the cerebrospinal fluid 
with normal cell count. The purpose this paper describe three 
further examples this disease, and one them study the cardiac 
pathology, these changes have not previously been recorded detail. 

Refsum (1946) described patients, aged between and 51, 
had personally observed. They were members two unrelated 
families, and all were the issues consanguineous marriages, suggesting 
recessive mode transmission for the syndrome. affected brother 
and sister the first family both died suddenly manner suggesting 
respiratory failure. Another sister was night-blind, but apparently showed 
other evidence this disease. The patients the second family who 
were personally examined were cousins. sister one them had died 
suddenly the age 36, but was known have suffered from similar 
symptoms. More recently, Refsum (1952) has reported that sister 
the other was also affected. 

more detailed analysis the symptomatology this syndrome 
revealed the following points interest. The night-blindness and con- 
striction the visual fields were typical retinitis pigmentosa but the 
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changes the were not, the typical bone corpuscle appearance 
usually being absent. The visual symptoms might present for years 
before there was any evidence involvement the central peripheral 
nervous systems. the patients showed nystagmus, and this sign com- 
bined with degree ataxia greater than could expected poly- 
neuritis alone, were the clinical reasons for suggesting that there was 
involvement the cerebellum its connections. Joint position sense 
was always impaired, but deep tenderness pressure over the muscles 
and superficial sensory loss was inconstant. The defective proprio- 
ceptive sensation doubt contributed the difficulty walking which 
was such prominent feature the syndrome. 

Other less constant findings included asymmetrical onset muscular 
weakness, small pupils which reacted sluggishly light, and deafness, 
X-ray examination the elbow, shoulder and knee joints the first 
patients showed epiphyseal dysplasia. Although there was doubt that 
the disease was ultimately progressive one, several the patients showed 
remissions, one them less than four occasions. 

1949 Refsum, Solomonsen and Skatvedt published the records 
other patients suffering from this syndrome, all whom were children. 
There were boy and girl, who were twins, and whose paternal grand- 
mother and maternal grandfather were brother and sister, boy whose 
parents were unrelated, and girl whose parents were first cousins. 
these children the illness began the age and one the age 
They all showed retinal changes, deafness, and evidence both 
cerebellar and peripheral nerve involvement. addition, they all had 
dry and desquamating skin suggestive ichthyosis. one these 
patients the deep reflexes returned after interval one and half 
years. 

Reese and Bareta (1950) described patient with heredopathia atactica 
polyneuritiformis; man aged whose parents were first cousins, and 
Jewish extraction. Walking had been abnormal since the age and 
two years later vision became defective, and deafness had started the 
age 26. Examination showed evidence retinitis pigmentosa and 
peripheral neuritis confined the legs. There was congenital shorten- 
ing and overdevelopment the metacarpals, and middle phalanges the 
fifth fingers, and shortening the third, fourth and fifth metatarsals with 
overgrowth and elongation the metatarsals and all the phalanges 
both the second toes. The cerebrospinal fluid protein was raised 185 
milligrams per 100 ml. Death appeared due cardiovascular 
collapse, and post-mortem examination there was thickening both 
the peripheral and autonomic nerves. Microscopical examination 
these nerves showed that individual nerve fibres had disappeared some 
areas and been replaced concentric layering connective tissue 
onion-bulb fashion. The only abnormalities found the heart were 
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moderate vacuolation and basophilic degeneration the muscle 
fibres. 

The next example this syndrome was published Clark and Critchley 
man aged 30, the offspring consanguineous marriage, was 
night-blind with constriction the visual fields, partially deaf, and weak 
all four limbs. There was also widespread ataxia which was too 
severe accounted for the basis sensory loss alone. 1953 
Kjellson reported further patients with this disease, one whom died. 
Ashenhurst, Millar and Milliken (1958) recorded further cases occurring 
single family, one whom showed cystinuria. 

1954 Cammermeyer gave preliminary report the pathological 
changes found the patients previously reported Refsum, and 1956 
described them considerably more detail. The peripheral nerves 
were uniformly thickened, and showed peculiar bulging appearance 
cross-section. They had viscous consistency and were greyish pink 
colour. microscopical examination was noted that the number 
axons was reduced and that those remaining were separated amorphous 
substance. Mast cells were present increased numbers but the inter- 
stitial cells were not, although some them were hypertrophied. Longi- 
tudinal connective tissue fibres tended assemble around scattered axons 
form onion-bulb structures. The central space these was occupied 
fairly large nerve fibre encircled atrophic myelin sheath. The 
muscles showed marked atrophic changes. the spinal cord there was 
retrograde degeneration the motor neurones and atrophy the ventral 
horns. Fat deposits were prominent the leptomeninges. Certain 
the tracts the brain-stem were degenerated, the damage primarily 
affecting the myelin. The inferior olivary nuclei were atrophied and 
four cases the pallidum was loaded with fat droplets. The sympathetic 
ganglia were the site reactive changes. From this study was evident 
that Refsum’s syndrome belonged the somewhat ill-defined group 
interstitial hypertrophic polyneuropathies. 


CASE REPORTS 


Case 1.—G. O., man aged the time his last admission hospital had 
suffered from defective vision for twenty years and from weakness and numbness 
the limbs for twelve years. His family history was obtained with difficulty 
was reluctant give any details concerning his relatives and denied that any 
them had suffered from any significant illnesses. However was ascertained from 
other sources that the patient had four siblings, elder and younger sister and two 
younger brothers. The elder sister and youngest brother the family had 
undoubtedly manifested symptoms similar those which this patient complained. 
Both parents were still alive and good health and far was known were not 
related, although they were members families who had been resident for long 
time somewhat self-contained country district. The mother was stated 
gipsy stock. The youngest brother still alive and further details his condition 


will given later, but the eldest sister had died ten years previously. She was 
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known have been affected with wasting and weakness the limbs and had had 
bad eyesight for considerable time. She died suddenly but has not been possible 
obtain further details the immediate cause death. She had one daughter, 
now aged 22, who has had illness significance. The patient’s other two siblings 
are also alive and well. 

The patient’s past medical history revealed nothing importance and his social 
history did not appear relevant. 

The story his present illness began 1934 while was serving the Navy 
the far east. found that his vision was slowly deteriorating and that had 
use binoculars even for short distances. was invalided out the Navy towards 
the end that year, and his eyesight had steadily become worse ever since. 
about 1943 noticed that his fields vision were becoming restricted and recently 
had only been able see objects straight front him. 

1941 his legs became weak and would drag his feet walked. The legs 
felt numb below the knees. few months later the arms also became weak and 
numb. Two years later was admitted University College Hospital and then 
could hardly move his hands feet and considerable wasting had appeared the 
periphery his limbs. After several months hospital the strength his arms and 
legs increased and the impairment sensation also improved. June 1953 his 
condition again deteriorated and was admitted St. Mary’s Hospital under the 
care Dr. Denis Brinton. The weakness the limbs increased but there was little 
change the sensory findings. examination that time the visual acuity was 
6/12 the right eye and 6/36 the left and the visual fields were tubular. There 
was bilateral cataract, optic atrophy and pigmentary changes the retine. The 
small muscles the hands and the peripheral muscles the lower limbs were 
markedly weak and wasted. There was also some slighter wasting the forearm 
muscles. The deep reflexes were either very sluggish absent, the abdominal 
reflexes were present and the plantar reflexes were flexor. Vibration sense was absent 
the legs and there was very slight superficial sensory loss over the feet. The 
patient had never had any children and this was shown due absence 
spermatozoa. Special investigations included X-ray the chest which showed 
tuberculous infiltration the left apex; gastric analysis confirming the presence 
free hydrochloric acid; abnormal pyruvate tolerance test; and examination 
the cerebrospinal fluid which revealed protein 210 milligrams per 100 ml. The 
Wassermann reaction was negative both the blood and the cerebrospinal fluid, 
and the urine contained uroporphyrins. 

The patient was discharged intramuscular injections aneurin but these were 
discontinued after few months. Subsequently his hands became weaker and his 
eyesight worse. was readmitted hospital April 1954 and examination 
showed that the wasting and weakness his limbs had advanced. 
was noted the small muscles the hands. Joint position sense was now very 
defective the toes but otherwise the sensory findings were unaltered. The 
cerebrospinal fluid protein was still raised 160 mg. per 100 ml., but the pyruvate 
tolerance test was now the upper limit normal. was again discharged 
treatment with intramuscular injections aneurin. 

His last admission St. Mary’s Hospital was September 1956. His condition 
had remained relatively static until two months previously but since then had 
deteriorated rapidly. had been working until few weeks before coming into 
hospital but the time was admitted his arms were weak had difficulty 
holding them and could only just write, and the weakness his legs had made 
him unsteady that could only walk with assistance. The wasting his muscles 
had spread involve those the shoulders and chest and the whole length the 
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legs. The loss sensation his limbs had also progressed until had feeling 
below the elbows knees. For the past month had suffered from choking 
feeling his throat, particularly emotionally upset. 

When specifically questioned about scaly pigmented rash over his flanks 
admitted that was always worse when there was relapse the weakness and 
numbness his limbs. had also noticed that had ceased sweat used 
do. There had been further deterioration his vision. 

Examination again confirmed the presence bilateral cataracts and retinitis 
pigmentosa with marked constriction the visual fields. The pupils were small 
and reacted less well light than accommodation. There was profound weak- 
ness and wasting all four limbs, especially peripherally. was 
occasionally seen the muscles the arms and both arms and legs were hypotonic. 

The abdominal reflexes were present but none the deep reflexes could elicited 
and the plantar responses were absent. 

Superficial sensations were impaired over the peripheral parts all four limbs. 
Joint position sense was impaired the fingers and greater extent the toes and 
the ankles. Vibration sense was lost the feet and right hand and was diminished 
the iliac crests and elbows. 

The only other finding significance was the presence easily palpable ulnar nerves 
the elbow. 

The level the protein the cerebrospinal fluid was 550 mg. per 100 ml. and the 
colloidal gold test showed paretic curve. There was normal amino-acid execretion 
pattern the urine. The electrocardiogram was abnormal, the form the QRS 
complex suggesting defect interventricular conduction. 

While the ward the patient’s respiration became increasingly embarrassed until 
after sudden worsening his condition had placed tank respirator. 
His pulse became more and more rapid and his death was sudden spite adequate 
pulmonary ventilation. 

autopsy was performed Professor Pryce. The heart was slightly 
enlarged, mainly due dilatation its chambers and although macroscopically 
the muscle was pale showed obvious fibrosis. the apex the right lung 
there were numerous tuberculous foci some which were breaking down. Both 
testes were reduced size and section were orange colour. Many the 
strings the cauda equina were thickened. The peripheral nerves showed very 
marked changes, the nerves the brachial plexus and the lumbosacral plexus 
both sides being most severely affected (fig. 1). These nerves showed generalized 
thickening whitish colour and more localized swellings gelatinous consistency. 
Beyond the plexuses the changes were less marked but the sciatic nerve the upper 
part the thigh measured 1-8 cm. cross section compared with normal 
1:0 0-45 cm. (fig. 2). The intercostal and the phrenic nerves, especially the 
right, were swollen number places addition the diffuse thickening and one 
such swelling was translucent that appeared cystic. these localized swellings 
the nerve bundles could seen embedded gelatinous matrix. muscles 
were obviously atrophic. 

Microscopically could seen that the swelling the nerve trunks was mainly 
due accumulation fluid which varied great deal its staining properties; 
some places being acidophilic, and others basophilic not staining all. 
Degeneration the nerve fibres was shown such changes swelling the axon, 
the splitting the myelin sheaths into several layers and vacuolation within the 
neurilemmal tubes. Numerous “onion bulbs” were seen (fig. and these varied 
considerably their cellularity, some showing large number nuclei whereas 
others were more fibrous and even hyaline. 
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The changes the central nervous system were much less obvious. There appeared 
reduction the number the ganglion cells the anterior horns the 
spinal cord and careful search revealed degenerative changes some these cells 
(fig. examination the showed that the ganglion cells 
were degenerate and reduced number, and degenerative changes were also present 
the nuclear layers. 

Case 2.—F. O., aged 37, was the youngest brother the previous patient. 
was the inmate hospital for the chronic sick, and being both blind and deaf 
the time was examined the history could only obtained with difficulty. The 
only means communicating with the patient was tracing letters his forehead 
with finger. there was obviously significant mental impairment 
was remarkably quick understanding and replying questions transmitted 
this manner. 

The patient was aged when loss power first affected his leg muscles, and since 
then both his arms and legs had become weak and wasted that all movements 
were carried out with difficulty. This deterioration had not however been steadily 
progressive some five years previously his limbs had become weak that little 
movement had been possible and had been confined bed. Now was able 
get about with the aid calipers his legs and, view the degree weakness 
and wasting his hands, was able considerable amount for himself such 
taking his food and putting his clothes. 

His vision had first begun trouble him about the same time the weakness 
started his legs, and his eyesight had continued deteriorate until the past 
three four years had been virtually blind. had also become increasingly 
hard hearing over the past six years until was quite deaf both ears. 

examination now there was perception light either eye and the 
could not seen owing opacities the media. ophthalmological 
examination 1953 had shown evidence retinitis pigmentosa. The pupils were 
small and irregular and did not react light accommodation. There were 
irregular movements the eyes conjugate deviation every direction, but this 
was not true nystagmus and appeared due lack fixation. There was 
facial weakness wasting the tongue. 

All four limbs were grossly weak and wasted. the arms was the hands that 
were chiefly affected and the legs, although the wasting was more uniform, the 
weakness was also most severe peripherally. Power was relatively well maintained 
the proximal muscles the arms, but movement the fingers was possible 
except flexion when there was still some strength left the patient’s grip. 
was able raise his legs from the bed but movement was possible the ankle 
toe joints. There was definite inco-ordination movements the arms, especially 
the left side, and this did appear more than could accounted for 
muscular weakness and sensory loss. However, there was such ataxia moving 
the legs. Occasional fasciculation could observed the muscles the upper 
limbs. 

The deep reflexes were all absent and the plantar responses could not elicited. 
The abdominal reflexes were all present. 

Accurate sensory testing was complicated the difficulty communicating with 
the patient but there did not appear any definite sensory loss the arms. 
Superficial sensation all modalities was impaired below the knees, joint position 
sense was defective the toes and vibration sense could not appreciated over the 
feet. There was also considerable delay the appreciation painful stimuli applied 
the legs. 

The ulnar nerves were very easily palpable but the presence such marked 
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wasting was difficult certain they were pathologically thickened. 
other peripheral nerves could felt. There was well marked bilateral pes cavus 
and slight deformity both sides. heart was enlarged but the 
heart-sounds were normal all areas and there were murmurs. There was, 
however, past history rheumatic fever the age nine, and more recently 
attacks associated with dyspnoea and cyanosis. The skin 
was normal and showed pigmentation desquamation, but the testicles were 
abnormally small and soft. The Wassermann reaction was negative the blood and 
the only abnormality examination the cerebrospinal fluid was raised protein 
grammes per 100 ml. 

Case 3.—H. S., Jewish man aged 51, was admitted the National Hospital, 
Queen Square, under the care Dr. Denis Brinton, complaining tingling the 
fingers and toes and unsteadiness walking. His parents were not related, but 
his paternal grandparents were first cousins. One brother was night-blind, and two 
his first cousins had web-toes but otherwise there was family history note. 

For about the past ten years the patient had not seen well the dark and for five 
years his vision had been restricted. years previously had developed 
glaucoma the left eye necessitating operation and since then the vision this eye 
had steadily deteriorated until was only able discern light from dark with it. 

Two and half weeks before the patient’s first admission hospital weakness 
the legs had started and had rapidly progressed until walking became very difficult. 
that stage the patient also noticed tingling sensation the tips the fingers 
and the toes. This became worse and spread involve the hands and feet. Soon 
after the onset these sensory symptoms weakness the arms also developed and 
there was dull pain the wrists and the muscles the shoulders and legs. 

During the patient’s four months’ stay hospital the weakness the limbs definitely 
continued deteriorate although just before his discharge his walking had been 
little easier. The and sensory loss the hands became more pronounced 
and then the hands were tender the touch and the feet painful when weight was 
put upon them. Also while hospital the muscles the hands wasted, the vision 
the right eye failed slightly and was occasionally liable shortness breath 
night. Treatment with intramuscular injections vitamins and with cortisone and 
prednisone did not appear materially alter the course the illness. 

Examination the time his discharge from hospital showed that the visual acuity 
the right eye was reduced 6/18 and that the left perception light. The 
right disc was normal appearance but the retina that side showed increase 
pigment. The left lens was opaque and clear view could not obtained 
the retina. The visual fields were markedly constricted. The pupils were irregular 
and reacted sluggishly light and accommodation. 

There was slight weakness all the muscle groups the arms although all 
movements were painful this was difficult assess accurately. The finger movements 
were, however, most severely affected. The forearm and hand muscles were wasted 
and fasciculation was seen the latter. The finger-nose test showed slight intention 
tremor both sides, but more the right than the left. The muscle power the 
legs was well maintained although was not entirely normal especially the flexors 
the hips, and the legs were thin particularly below the knees. The gait was ataxic 
but pain the feet when walking contributed this. 

The deep reflexes were all absent, the abdominal reflexes were present but easily 
fatigued, and the plantar reflexes were flexor. 

Touch, pain and temperature sensations were impaired the distal parts all 
four limbs. Vibration sense was diminished distally the arms and over the whole 
extent the legs. Occasional errors were made recognizing fine movements 
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the fingers, but not the toes. spite the over the hands, touching 
these areas evoked unpleasant painful feeling and the muscles the hands and 
feet were tender palpation. definite hypertrophy any the peripheral 
nerves could felt. The skin was dry and scaly over the back. The heart was 
enlarged, with forceful left ventricular apex beat, and there was gallop rhythm 
with parasternal systolic bruit. The blood pressure was 130/80. 

X-ray examination the hands confirmed that the distal phalanges the right 
middle finger were longer than those the left, and that the terminal phalanx the 
left little finger was larger than that the right. X-rays the feet also showed 
that the proximal phalanx the fifth toe was larger the left side. The cerebrospinal 
fluid was normal apart from raised protein content 360 mg. per 100 ml. The 
electrocardiogram showed marked inversion the waves with associated 
S-T segment depression the anterolateral left ventricular leads, indicating severe 
left ventricular myocardial damage. The P-R. interval was not prolonged. The 
pyruvate tolerance test was normal. 

After four weeks Convalescent Home the patient was discharged but had 
readmitted hospital two weeks later. His condition had deteriorated with 
increasing rapidity. The limbs were weaker and their muscles had continued 
waste, especially those the hands. There were constant burning 
the hands and feet and touching the fingers and feet resulted intense pain. 
Spontaneous shock-like pains also occurred the limbs, and there was sensation 
tightness around the abdomen. Very recently had experienced feeling 
was not getting enough air into his lungs and this would relieved taking 
few deep breaths. was particularly likely occur was dropping off sleep. 

Examination confirmed the increase weakness and wasting the limbs, and the 
sensory impairment, although still glove and stocking distribution, was more 
intense. The pulse-rate was about 100 per minute and there was well-marked 
gallop rhythm. Examination the heart showed further significant changes. The 
expansion the chest full inspiration was very poor, being more than 
inch. The electrocardiogram was repeated and showed increase 
abnormalities. The urine contained porphyrins. 

During the next two weeks the patient’s condition gave cause for increasing 
anxiety. His vital capacity steadily fell and times became stuporose. was 
placed tank respirator with some benefit, but this was not maintained and 
difficulty swallowing developed. tracheotomy was therefore performed and 
artificial respiration was given intermittent positive pressure machine. Although 
this greatly assisted his respiratory function, his general condition continued 
deteriorate until his death. 

Permission was given for limited post-mortem only and this was carried out 
Professor Blackwood who has kindly provided the following report. The 
spinal cord was slightly atrophic. The anterior and posterior nerve roots were 
thinner than usual, and there was greyness all the roots the cauda equina. 
All the posterior nerve root ganglia were enlarged and immediately distal these 
the spinal nerves were swollen (fig. 5). vagus nerves the neck were about twice 
the normal diameter. The lumbar plexus within the substance the psoas muscle 
showed moderate swelling the nerve trunks. 

Histological examination showed significant abnormalities the cerebrum, 
cerebellum, mid-brain pons. the medulla there was slight loss nerve cells 
from the inferior olivary nuclei and slight Marchi degeneration the amicula 
the inferior olives, the olivo-cerebellar tracts and inferior cerebellar peduncles. 
Sections the spinal cord were examined various levels, but the only abnormalities 
found were slight pallor the fasciculus gracilis myelin preparations and occasional 
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swelling shrinkage the anterior horn cells (fig. The anterior and posterior 
nerve roots the lumbar region were well myelinated but the myelin sheaths were 
often fragmented. posterior nerve root ganglion the cervical region was examined 
and did not show any appreciable diminution the number cells. However, the 
entering and leaving nerves were seldom myelinated and often showed increase 
collagenous tissue. Similar changes were found two peripheral nerves the 
cervical and lumbar region. They were generally swollen and transverse section 
the nerve fibres lay groups separated from one another very loosely packed 
connective tissue. Each group consisted, rule, central axon around which 
there was concentric fibrous thickening its endoneural sheath. Outside this was 
collar composed the slightly thickened endoneural tubes fine nerve fibres 
(fig. longitudinal section the Schwann cell nuclei appeared increased 
number. The vagus nerve the neck also showed evidence hypertrophic 
interstitial neuritis but the thoracic autonomic chain was normal apart from marked 
increase the fibrous tissue the walls the small vessels. Sections the 
nerve roots and peripheral nerves stained with gentian violet, congo red, Scharlach 
and Toluidin blue showed significant abnormalities. the peroneal muscle the 
fibres were slightly smaller than normal and there was apparent increase the 
size and prominence the subsarcolemmal nuclei. 

The thoracic viscera, without lungs, were submitted Professor Blackwood 
one the National Heart Hospital for further study. Preliminary dissection 
the specimen showed that the left vagus and phrenic nerves were irregularly 
thickened (fig. 8). 

The heart was much enlarged. portion the left ventricle had been removed 
already and the heart weight could only estimated between 500 and 
600 grammes. 

the right side the atrium was normal size. The vene were normal 
and the Eustachian valve was poorly developed. The fossa ovalis was well defined 
and the foramen ovale was sealed. There was abnormality the tricuspid valve 
but the right ventricle was thickened cm. its widest point, the chamber, 
however, being somewhat encroached upon the bulging septum. pulmonary 
valve ring measured 6-9 cm. and the cusps and pulmonary trunk were normal. 

the left side (fig. 9), the atrium was about the same size the right atrium; 
was little thickened and contained traces mural clot. The mitral valve orifice 
was the small side normal, admitting two fingertips; the cusps were little 
thickened but the chorde were normal. The striking feature was the 
massive concentric hypertrophy the left ventricle which was cm. thick; 


the septum too measured cm. thickness and was bulging into the cavity the’ 


right ventricle. The chamber itself comparison appeared rather small. There 
was obvious myocardial lesion apart from few streaks fibrosis the cut 
surfaces. The aortic valve-ring measured cm. and the valve cusps were within 
normal limits. thoracic aorta showed dilatation and moderate atheroma and 
the wall was thickened (fig. 8). The coronary arteries showed minimal atheroma; 
the right artery and the anterior descending branch the left artery were wide and 
easily followed; the left circumflex branch becaine too small follow beyond cm. 

Extensive histological examination failed reveal any inflammatory condition, 
amyloid infiltration, glycogen storage. Iron and fat tests were also negative. 
The changes found appeared quite non-specific and widespread, affecting 
mainly the myocardium the several chambers. quite large areas the muscle 
fibres appeared have lost much their identity kind syncytium; this 
well shown fig. (right atrium) which the fibres appear rather empty and 
somewhat atrophic, and under the high power they seem have partially fused, 
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with loss striations. Similar but more extensive changes were found the 
ventricles (fig. 11), both the substance the muscle and especially under the 
endocardium. addition, the left ventricle particular 
hypertrophied muscle fibres, and, common such massive ventricles, areas 
replacement fibrosis. striking feature the subendocardial zone was the swollen, 
partially vacuolated, rather rounded fibres, many which were almost certainly 
Purkinje cells the conducting system. Fibroelastosis the endocardium was 
present patches. Another notable feature was the presence 
between the myocardium the left atrium and ventricle. 

most sections, autonomic fibres seemed unusually prominent (fig. 12). 
Nearly all these large fibres appeared normal but occasional one was shrunken 
and appeared hypernucleated. 

prolonged and fairly extensive examination was made into the state the 
conducting system (fig. 13), and the whole, this labour proved unrewarding. 
The sino-auricular node, however, was certainly much larger than usual, extending 
almost the length the sulcus terminalis. these sections, too, the autonomic 
fibres and ganglia were unduly prominent. The node itself seemed contain rather 
more fibro-elastic tissue than usual, but this very variable appearance normal 
nodes. The artery the node was normal. The auriculoventricular bundle (of 
His) showed lesion, nor did the right and left branches far they could 
identified. has already been made the swollen partially vacuolated cells 
beneath the endocardium the chambers, and these were thought include the 
Purkinje cells, the terminal cells the conducting system. 


DISCUSSION 


The patients recorded this paper all appeared manifest sufficient 
the characteristics Refsum’s syndrome included within that 
category the heredo-degenerative diseases, although the course the 
illness the last patient was unusually rapid. 

There doubt that the feature which gives this syndrome its chief 
claim considered separate entity the combination peri- 
pheral neuritis with pigmentary changes the The peripheral 
neuritis often appears run relapsing course and either during life 
autopsy the peripheral nerves are found retinal 
changes are associated with night-blindness and generalized constriction 
the visual fields. Another consistent finding raised level protein 
the cerebrospinal fluid, and although there obvious explanation for 
this, certainly helps differentiate the syndrome from the hereditary 
ataxias and from peroneal muscular atrophy, among which diseases this 
finding practically unknown. 

Other features which contribute almost much the fully fledged 
syndrome are pupil abnormalities, deafness, dry scaly condition the 
skin, minor changes some the limb bones, testicular atrophy and 
abnormalities the electrocardiogram. many these patients, 
including the recorded this paper, there was degree ataxia 
greater than might expected from the polyneuritis alone, suggesting that 
there was addition some involvement the cerebellar system. 
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This syndrome undoubtedly belongs the group interstitial hyper- 
trophic polyneuropathies. seems likely that this group multiple 
and that does not have such exact limitations those originally 
described Déjérine and Sottas (1893). For instance not condition 
which always starts childhood was implied these authors. 
diagnosis reality pathological one the peripheral nerves are not 
always enlarged clinical examination and the finding certain 
microscopical changes the peripheral nerves which confirms it. These 
consist the poliferation the Schwann cells and endoneurium, the 
presence the nerves gelatinous mucinoid substance and, most 
important all, the formation This term has been 
used describe the cross-section appearance the thickened sheaths. 
has been suggested that this characteristic formation may due 
repeated proliferation the sheath that accompanies the nerve fibre. The 
fibrils this sheath are running longitudinally but should they thicken 
successively from multiple injuries they might create group sheaths 
(Cammermayer, 1956; Austin, 1956). 

has already been stated that the course the illness patients 
suffering from Refsum’s syndrome often relapsing one, and there are 
number examples the literature other recurrent peripheral 
neuropathies associated with hypertrophy the nerves. For example 
1929 Harris and Newcomb published the case record patient admitted 
St. Mary’s Hospital with recurrent polyneuritis. had had several 
attacks weakness and sensory loss the limbs from which had made 
complete recovery before the final one which proved fatal with respiratory 
paralysis. autopsy there was great increase the size some the 
nerve roots and peripheral nerves. They were glistening and gelatinous 
appearance and cross section each fasciculus appeared changed 
into clear, partly translucent cord. Microscopically there were well 
marked These authors considered that recurrent poly- 
neuritis differed from the hypertrophic group described and 
Sottas, although they admitted that the findings their patient supported 
the presence link between the two. They suggested that the underlying 
cause both groups might from enterotoxin. 

Nattrass (1921) described the case boy aged who had had three 
attacks peripheral neuritis which there had been hypertrophy and 
hardening the nerve trunks. Almost complete recovery occurred 
between them and then the nerve trunks became thinner although never 
returning normal. 

The fact that the formation the typical the 
pathological picture hypertrophic polyneuritis, suggests the repeated 
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which relapsing history all common. Perhaps the ability the 
peripheral nerves regenerate between relapses depends the severity 
the initial damage and the rate progress the disease. Refsum’s 
syndrome undoubtedly familial with probably recessive mode 
heredity, and remitting course unusual any similar condition 
affecting the nervous system. may that there are constitutional 
influences the form the tissue reaction which are hereditary, and that 
number different environmental causes may bring this into being. 
Primary amyloidosis example another disease which there 
appears interaction constitutional and genetic factors, with 
exogenous ones (Andrade, relapsing course may occasion- 
ally recorded other familial disorders such peroneal muscular 
atrophy (Pette, 1936), that this characteristic cannot itself exclude the 
diagnosis hereditary degenerative disease. 

has been suggested that Refsum’s syndrome related both the 
hereditary ataxias and peroneal muscular atrophy (Refsum, 1946), and 
the same has been said the whole group hypertrophic neuropathies 
(Sears, 1931). fact Spillane (1940) has suggested there clinical 
evidence that the more clear-cut varieties the heredo-familial disorders 
are reality only the highlights wider and more obscure background 
neuropathy. Certainly families have been described which members 
have suffered from more than one type hereditary disease, for instance 
Friedreich’s disease and peroneal muscular atrophy (Ross, 1942; Roth, 
1948). The theoretical concept therefore range diseases with 
peroneal muscular atrophy one end and neurofibromatosis the other 
and the group hypertrophic polyneuropathies between, perhaps 
bordering the hereditary ataxias (Austin, 1956). 

will have been seen from the description the clinical features 
Refsum’s syndrome that although does bear certain resemblances 
other hereditary diseases its own particular combination symptoms and 
signs appears unique. not uncommon for such diseases 
manifest equally varied clinical picture and only the particular 
association defects running constant pattern that ihe 
identification such symptom complex separate syndrome. 
such features abnormal electrocardiographic findings are way 
specific, having been reported for instance Friedreich’s disease (Evans 
and Wright, 1942). 

the third patient recorded this paper electrocardiographic findings 
were associated with widespread, non-specific degenerative changes the 
myocardium, especially notable the massive left ventricle. Such changes 
may seen other cardiomyopathies whether associated with definite 
disease occurring alone. This patient had never suffered from sustained 
hypertension, nor was there any valvular congenital abnormality 
account for the hypertrophy. The heart condition can therefore 
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grouped with the familial cardiomegalies such have been described 
Evans (1949), Davies (1952), Blanshard (1953) and Brigden (1957), 
some which were associated with familial neurological disease. has 
been suggested that the changes found the myocardium patients with 
Friedreich’s disease might part nervous origin, the responsible 
lesion being either within the peripheral parts the vagus nerves within 
their nuclei the medulla (Guillain and Mollaret, (1946) 
considered that there might lesion the bulbar vegetative centres 
his patients account for such symptoms vomiting and fever, well 
for the cardiac changes. 

There one finding Refsum’s syndrome which, has already been 
mentioned, very rare any other similar condition and that the 
consistently raised protein the cerebrospinal fluid. Even the group 
increased level protein. Therefore cannot definitely suggested 
that this finding due interference with the circulation the fluid 
resulting from enlargement the nerve roots. explanation can 
fact offered, although acute infective polyneuritis the Guillain- 
Barré syndrome, which one the few generalized neurological diseases 
also showing consistently raised cerebrospinal fluid protein, has been 
maintained that this due interference with the absorption the 
fluid this level (Reitman and Rothschild, 1950), and its occurrence might 
depend the exact site the root enlargement. 

sufficient number case reports patients suffering from Refsum’s 
syndrome have now been published establish this combination 
symptoms and signs clinical entity. Some its features such the 
retinitis pigmentosa, the deafness and the icthyosis are well known 
occur familial disorders, either alone combined with various other 
abnormalities. therefore reasonable presume that the polyneuritic 
manifestations the syndrome are transmitted similar manner. 
the hereditary factor inherent defect the nerve structure that causes 
react unusual manner noxious agents this may explain the 
relapsing course the peripheral neuritis and the formation the 
hypertrophied nerves. Certainly the microscopical appearance these 
nerves suggests the effect repeated exposure some toxin. However, 
there nothing indicate its nature whether endogenous 
exogenous. that the peripheral nerves, apart from reacting 
abnormally, are unduly sensitive such agents which may specific 
this syndrome may vary from patient patient even the same 
patient from time time. 


SUMMARY 


The diagnostic features Refsum’s syndrome are described and 


résumé given the reports previously published patients considered 
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have suffered from it. The case records three further patients are 
then given with special reference the cardiac pathology one them. 


This syndrome characterized combination atypical retinitis 
pigmentosa and peripheral neuritis belonging the group interstitial 
hypertrophic polyneuropathies. Other findings which contribute the 
syndrome are pupil abnormalities, deafness, signs cerebellar involve- 
ment, dry scaly skin, testicular atrophy, minor changes some the 
limb bones, abnormalities the electrocardiogram, and consistently 
raised level protein the cerebrospinal fluid. This last feature 
particular distinguishes Refsum’s syndrome from the hereditary ataxias 
and from peroneal muscular atrophy, conditions which has been 
suggested this syndrome related. 


The course the illness Refsum’s syndrome frequently relapsing 
one and other examples hypertrophic polyneuritis with such course 
are given. The pathological findings this group would also con- 
sistent with the intermittent action noxious agent. The possibility 
therefore discussed that although such features the retinitis pigmentosa 
and the deafness are directly inherited, the case the peripheral 
neuritis the hereditary factor defect the nerve structure that causes 
react abnormally such agents. 


wish thank Dr. Denis Brinton for permission publish the case 
record the patient admitted St. Mary’s Hospital under his care and 
Professor Pryce for allowing quote his report the post- 
mortem examination which performed this patient. also wish 
thank Dr. Jardine for allowing examine Case and make 
use his notes and the Medical Committee the National Hospital, 
Queen Square, for permission use the records Case III who had been 
admitted that hospital under the care Dr. Denis Brinton, and whose 
post-mortem examination had been reported Professor 
Blackwood. would also like thank Professor Pryce and 
Professor Blackwood for providing the illustrations their respective 
post-mortem reports. 
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nerves. 


illustrate article Neil Gordon and Hudson. 
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Fic. (Case 3).—Autonomic nerves heart. (Verhoeff Elastic—Van Gieson, 
Large fibre epicardium right atrium. Group prominent fibres 
myocardium left ventricle. Hypernucleated fibre epicardium left ventricle. 


INTER-ATRIAL SEPTUM 


MAIN BUNDLE 


LEFT BRANCH 


MYOCARDIUM 
OF INTER- 
VENTRICULAR 
SEPTUM 


Fic. (Case 3).—The conducting system. (Both Verhoeff Elastic—Van Gieson.) 
Sino-auricular node. The nodal artery the lower part the node which shows 
some fibro-elastic excess. 15.) Main bundle His with left and right 
branches. obvious lesion present. 7.) 


illustrate article Neil Gordon and Hudson. 
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PLATE XIV 
ARCH AORTA 
LEFT PHRENIC 
NERVE 
RECURRENT 
NERVE 
> 
LEFT BRONCHUS 
LIGAMENTUM 
ARTERIOSUM 
LEFT PULMONARY 
ARTERY 
Fic. (Case 3).—Dissection show irregular thickening left phrenic and 
vagus nerves. 
(Case 3).—Left atrium and ventricle. Note the massive concentric hypertrophy 
the left ventricle and the bulging septum. 
illustrate article Neil Gordon and Hudson. 
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Fic. 10.—Myocardium right atrium. (Verhoeff Elastic—Van Gieson.) 40. 
Note the rather vacuolated and shredded appearance the muscle 300. 
The fibres are poorly defined, appear run together and have lost much their 
striation. 
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Fic. 11.—Ventricular myocardium (all Right ventricle. Muscle fibres 
appear shreddy and are poorly striated. (Verhoeff Elastic—Van Left 
ventricle. Replacement fibrosis with hypertrophy surviving fibres. 
—Eosin.) Left ventricle. Marked degenerative change subendocardial muscle. 
(Verhoeff Elastic—Van Gieson.) Left ventricle. Large rounded vacuolated fibres 
deep much thickened fibro-elastic endocardium. Some these fibres are probably 
Purkinje cells. (Verhoeff Elastic—Van Gieson.) Left ventricle. 
between atrium and ventricle. 
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BILATERAL RETROBULBAR OPTIC NEURITIS 
BY 


RAYMOND HIERONS! KEITH LYLE 
(From the National Hospital, Queen Square and King’s College Hospital, London) 


INTRODUCTION 


ALTHOUGH generally agreed that unilateral acute retrobulbar optic 
neuritis the majority cases due disseminated sclerosis 
and that the immediate prognosis with regard the optic nerve lesion 
usually good, the condition clearing within few weeks, such 
generalization cannot said apply cases bilateral acute 
retrobulbar optic neuritis. 

view the lack information the textbooks about these 
bilateral cases and because their apparent variability severity and 
their clinical course, was thought desirable review series 
them and see whether any conclusion could reached 
classification, especially with regard etiology and prognosis. 
consecutive series cases observed the Neurological and Ophthalmic 
Departments King’s College Hospital and the National Hospital, 
Queen Square, were analysed. The lack pathological material has 
made our study incomplete, but that inevitable when dealing with 
condition which does not lead fatal result and which for the most 
part affects those the younger and middle age groups. 

All the cases under investigation have been seen and examined one 
both and are indebted the Consultant Neurologists 
King’s College Hospital and the Consultant Physicians the National 
Hospital, Queen Square, for their permission examine their cases. 
are especially grateful Sir Charles Symonds, Dr. Nevin and 
Dr. Meadows. 


REVIEW THE LITERATURE 


series papers between 1912 and 1928 described the 
condition wish discuss this paper. Isolated case reports had, 
however, appeared earlier than this. The most important these was 


1Present address: The Department Neurology, The Brook Hospital, London, 
S.E.18. 
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that Nettleship (1884) entitled Cases Recovery from Amaurosis 
Young Children.” Neurological disturbances were prominent amongst 
these cases, with the exception child years (Case 10) who 
developed complete loss vision lasting some weeks and followed 
full recovery. that owe the first accounts rapid 
visual failure. This was frequently preceded headache and some 
cases showed swelling the optic discs. emphasised that the striking 
feature the condition was the considerable, even complete, recovery 
vision. few cases were thought result from disseminated 
sclerosis, but the majority there were signs involvement the 
nervous system and the cause could not determined. Traquair (1917 
and 1925) also described small number similar cases. These were 
women years age with pronounced central field defects 
with little peripheral impairment. Slight swelling the disc was 
present one case and pallor two. His cases made excellent 
recovery vision except for minute residual paracentral scotomata. 
Although when the cases were first reported indication nervous 
disease was evident, the discussion following Russell Brain’s paper 
the same subject 1934, Traquair said that his original patients had 
since developed signs disseminated sclerosis. This occurred eleven 
years after the visual disturbance one and thirteen years the other. 
Russell Brain (1934) discussing Optic and Retrobulbar 
Neuritis” described cases which both eyes were affected. 
cause was found and subsequent abnormality developed. These 
cases differed from those Traquair that residual visual impairment 
with central scotomata often remained. Paton (1936) also referred 
cases which vision completely recovered although the optic discs 
remained paper white colour. some the cases there was 
demonstrable defect the visual fields but others, careful exam- 
ination, relative paracentral scotoma was found present. 
Involvement the optic nerves is, course, not uncommon feature 
encephalomyelitis associated with the infectious fevers. rare 
occasions involvement the optic nerves may the only manifestation. 
Young (1933) described such case boy ten years. Twelve days 
after the onset mumps developed impaired vision, progressing over 
week total blindness and associated with marked swelling the 
optic discs. The C.S.F. contained lymphocytes per c.ml. but 
other indication that the nervous system was involved. made 
excellent recovery and six months later vision was 6/6 each eye although 
the discs were pale (it not clear whether careful examination the 
visual fields was undertaken). Swab (1938) described similar case 
man 25, although vision only improved 3/20 from imperfect 


perception light. similar condition which loss vision with 


swelling the discs followed vaccination was reported children 
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von Herrenschwand (1939). Increased cell content the C.S.F. was 
noted cases where this was examined. these cases made 
excellent recovery whilst one remained totally blind. This paper also 
contains account patients who, following vaccination, developed 
widespread neurological abnormalities although without involvement 
vision. These cases were fatal, and histological examination the 
nervous system revealed perivenous demyelination with cellular infiltration 
similar that earlier descriptions. these fatal cases the optic 
nerves were normal and would appear probable that the same type 
lesion was responsible for the cases with visual symptoms. Lazarus and 
Levine (1934) described identical condition following whooping cough, 
which blindness associated with intense the discs occurred. 
addition there was right hemiparesis and mild dysphasia but these 
recovered completely. Only slight visual improvement took place (the 
paper was written soon after improvement began that further recovery 
might well expected). Walsh and Ford (1940) paper devoted 
“Central Scotomas” record cases bilateral optic neuritis following 
chicken-pox and measles. Vision was severely impaired—in one even 
loss perception light, although both patients made excellent 
recovery. Wagener (1952) refers the case girl who developed 
visual impairment (visual acuity reduced 4/60 each eye) with bilateral 
centro-cecal scotomata and the discs. Six days after the 
onset defective vision she developed the rash measles. There were 
other neurological signs and the C.S.F. was normal. Three months 
later vision had improved 6/12 and after further three months 6/6. 
Wagener describes another case—very similar respect the visual 
impairment but associated with dysphasia and hemiparesis. This patient 
also made full similar condition described association 
with infectious mononucleosis Bonynge and Von Hagen (1952). 

Other cases childhood are described Siegert (1949) occurring 
six twelve days after the administration diphtheria toxoid and 
McReynolds and others (1953) following smallpox vaccination. All 
these patients made good recovery vision. 

Turning now cases unassociated with the infectious fevers. Carroll 
(1952) paper entitled Neuritis—a fifteen-year study” makes 
brief reference cases—all males although varying ages. Over 
period ranging from few days several weeks they developed bilateral 
retrobulbar neuritis with severe even complete loss vision and 
swelling the discs. The patients were followed for some years but 
there were further developments. Scott (1952) study 
Optica” includes cases severe bilateral optic neuritis 
without spinal cord involvement. these cases vision recovered fully 
and re-examination six ten years later clinical evidence 
neurological disease was found. Schlossman and Phillips (1954) made 
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brief references similar case and another attributed the 
administration chloramphenicol. 

Bagley (1952) paper entitled Etiological Study Series 
Optic Neuropathies,” including cases intracranial tumour, syphilis, 
Leber’s disease, trauma, disseminated sclerosis and vascular disorders, 
referred cases which both eyes were affected. cause was 
found per cent these that possible that some were similar 
the condition here discussed. Werner (1945) also refers 
bilateral case which resulted permanent blindness (it might argued 
however that this was due vascular lesion the optic nerves). 

Adalbert Fuchs (1949), writing from Shanghai, reported cases seen 
there during stay only few months, thus suggesting that the 
condition may not rare China. Wong (1950) described cases 
from Honolulu. Both patients made fairly good recovery and 
claims that disseminated sclerosis was not responsible this disease 
does not occur amongst the natives Hawaii. 

One the difficulties coming conclusion about these cases, 
the inadequate follow-up period many them. The example 
Traquairs’ cases has been mentioned and Symonds (1930) described the 
case child with bilateral retrobulbar neuritis who, ten years later, 
developed signs disseminated sclerosis. 

Meadows (1954) described cases children years age; 
none them with other signs involvement the nervous system. 
There was severe loss central vision, some almost complete blindness. 
Recovery vision within few weeks was the rule although the discs 
often remained pale. Some these cases occurred after several weeks 
vague ill-health after measles chicken-pox, others occurred 
suddenly with other symptoms, the child being good health. 
Meadows also described adult cases all with history sudden loss 
vision during childhood eighteen fifty years previously. these, 
one patient failed recover his sight but none the cases did any 
other neurological involvement occur. 

Sensitivity drugs may also cause. Bucy (1937) gave account 
retrobulbar neuritis child which the attack appeared 
caused the toxic effect sulphanilamide and Keeping and Searle 
(1955) the condition adult following the use isoniazid. Both 
recovered fully when these substances were discontinued. D.D.T. has 
been claimed Campbell (1952) the cause cases retrobulbar 
neuritis although these cases had involvement one eye only. 

reviewing the causes bilateral retrobulbar neuritis mention must 
made the visual impairment which can occur subacute combined 


degeneration and which may the first manifestation this 


described Cohen (1936) and Turner (1940). Benham (1951) has 
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recorded the presence bilateral scotomata, either pericentral and 
linked the blind spot type. 


ANALYSIS CASES 


Our cases consist (a) adults, and (b) children under 
the age years. The reasons for this separation will apparent later. 
Amongst the adults, males predominated—20 females, but 
difficult decide whether this definite difference incidence 
related other factors. the children, girls predominated the ratio 
adult cases fall into age groups shown Table which 
suggests that the majority have onset under the age 50. 


TABLE GROUPS THE ADULT CASES 
Age years Number cases 


15-20 
31-40 
41-50 
51-60 
61-65 


— 
NN 


(a) CLINICAL FEATURES THE ADULT CASES 


have tried classify the cases and place them various clinical 
groups (Tables has occasionally proved difficult. 

(1) The first group (see Table consisted cases which both eyes 
were involved simultaneously, within few days each other, followed 
rapid deterioration vision over the course week less. The 


following example this type: 

Mrs. B., aged 49, had enjoyed perfect health apart from attack angioneurotic 
cedema year before the present illness and lifelong tendency periodic sick 
headaches. February 1951 she had mild febrile illness regarded 
which cleared within few days. week later she noticed blurring vision 
the lower half the left field and few days later the right eye was involved. Aching 
pain the eyeballs, accentuated moving the eyes, was present from the onset. 
Vision very rapidly deteriorated and week after the onset was restricted 
perception light and confined small peripheral area near o’clock each 
eye. (Edema both discs was present together with the surrounding 
retina and slight dilatation the retinal veins. The pupils were dilated and only 
feeble, ill-sustained reaction light was present. The patient was considerably 
overweight but there were other abnormalities. Investigations, except for 
raised sedimentation rate mm. the first hour, were all negative, including 
examination the C.S.F. Within about five weeks the onset improvement had 
occurred and the patient was able count fingers with each eye. this time dense 
central scotomata were present. Two months later vision was 6/9 (uncorrected) 
each eye and the fields vision showed abnormality. Six years later the patient 
was perfectly well; further symptoms had occurred and the corrected vision was 
6/5 each eye. The only abnormality was slight pallor the left disc. 
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cases with this very rapid progression, have made good 
recovery vision, only slight recovery and recovery whatever 
occurred. appears therefore that confident prognosis can 
made from this mode onset. The presence otherwise pain 
the eyes does not appear have any bearing the subsequent course. 

One the cases (V. M.) this group gave history episode 
weakness one arm which recovered fully within few weeks. This 
took place eighteen years before the illness which vision rapidly 
deteriorated perception light one eye and 6/60 the other, with 
blurring the disc margins, hemorrhages and bilateral central scotomata. 
The C.S.F. contained lymphocytes and slight changes were present 
the Lange curve. this stage abnormal neurological signs were 
detected. Vision rapidly returned normal and seven years later 
further symptoms had occurred. One patient this group developed 
signs spinal cord lesion two months after the onset the visual 
disturbance which recovered and another, two and half years after 
the onset persistent blindness, developed quadraplegia resulting 
death within six months. 

The only associated feature these cases, which might have 
possible bearing the condition, was history, cases, febrile 
illness few weeks before the onset visual symptoms. other patients 
had previous history migraine and the case earlier described with 
previous history angioneurotic 

(2) Patients this group (see Table had both eyes involved 
the same time followed gradual deterioration vision over period 
six months. The existence these cases insidious onset 
therefore interesting clinical group. the cases this group, 
made good recovery, one made fair recovery, whilst the rest 
were left with severe visual impairment. 


Case great interest account the most unexpected 
recovery. Six months after the onset, his vision gradually 
deteriorated 1/60 each eye and was certified blind. Slight 
improvement was apparent after further six months but two years 
after the onset vision had fully recovered 6/6 both eyes. 

Patients this group who were left with severe visual impairment 
are perhaps with difficulty distinguished from cases Leber’s optic 
atrophy. several these patients were without siblings the absence 
family history might not exclude this condition with certainty. 

Neurological abnormalities this group occurred the onset 
cases (one these was patient free from any other symptoms except 
blindness which recovered completely and the present time—five years 


later—vision quite normal). the period follow none these 


cases have developed neurological signs. 
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and The third and fourth groups (see Tables and consist 
cases which interval existed between the involvement the two eyes. 
group this was placed less than three months and group 
the interval time was more than three months and six years. 
might argued that some these could regarded more simply 
having had separate attacks retrobulbar neuritis but have 
included these cases because they differed reason fluctuating 
course visual impairment else the very gradual failure 
vision. 

(3) Nine cases were placed group and these made good re- 
were left severely affected. patients developed neurological 
signs later stage, which was definite example disseminated 
sclerosis, although this patient had impotence and occasional unsteadiness 
the year prior the onset visual symptoms. 

(4) this group cases (where the interval between the involvement 
the two eyes was more than three months) made good recovery 
vision, made fair recovery and very little improvement 
occurred. Neurological abnormalities were present some time and 
some these were definite examples disseminated sclerosis. 

(5) This group (see Table probably rare with examples 
this series illustrated N., male aged when the condition 
began. had, over the course nine years, attacks visual 
impairment. attack was usually gradual onset and both eyes 
were involved within few weeks occasionally within month 
each other. Vision was frequently reduced counting fingers and 
scotomata were present. the first episode 
cedema the discs was present but within year the onset the discs 
became pale and remained so. Vision usually recovered over the course 
few months. Extensive investigations gave negative results except 
that X-ray the chest revealed area infiltration, although over 
the years change has occurred this. other neurological signs 
symptoms have occurred. the present time, nine years after the 
onset, vision 6/6 each eye. the right visual field centro-cecal 
scotoma present and the left enlargement the blind spot. 
The other patient this group was F., male aged (Table VII). 


(b) CLINICAL FEATURES THE CASES CHILDREN 

The outstanding difference compared with the adult cases the much 
better prognosis. children this series all but one made excellent 
recovery. Even the single exception, considerable degree 
improvement occurred (from loss perception light each eye 
6/12 and 1/60 the right and left eyes respectively). (See Table 

Meadows (1954) has pointed out, the onset visual impairment 
often very sudden these patients. our patients awoke the morn- 
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ing find themselves with severe even complete loss vision. the 
other cases deterioration developed over the course few days and 
three others this period progression lasted week. 

marked contrast the adult cases, children had history 
measles, chicken-pox some indeterminate febrile illness occurring over 
period varying from two days two months before the onset visual 
symptoms. Our findings are very similar those Meadows except 
that one patient our series had signs disseminated sclerosis six 
years after her recovery from the visual disturbance. During the acute 
phase she had evidence lesions elsewhere the nervous system. She 
complained double vision and also had convulsion. Another child 
had episode weakness the face and arm vision was improving 
but the present time, two years after the onset, she shows 
abnormality. 

our cases, only were males and females. difficult, however, 
draw conclusions from such small total. 


DISCUSSION 


Analysis these cases suggests that possible cause for the retrobulbar 
neuritis can sometimes found, but many appear belong obscure 
group without any obvious cause. 

The isolated case reports which have been assembled from the literature 
suggest that involvement the optic nerves chiasma can the sole 
manifestation encephalomyelitis resulting from the infectious fevers. 
Our experience, particularly the disorder childhood, bears out this 
view. 

this age group (under years) have collected cases. The 
diagnosis one child was strongly suggestive disseminated sclerosis. 
the others, had history measles chicken-pox shortly before 
the onset visual symptoms, febrile illness occurred others and 
another had raised sedimentation rate. about half the children 
found evidence some infection shortly before the loss vision. 
specific enquiries from the parents had been made this question 
possible that higher incidence preceding infection might have been 
discovered. 

Another argument support encephalomyelitic origin that 
this localized and slight, good recovery would expected 
occur. This was the result the children’s group with one exception. 
Even this child improved from loss perception light each eye 
6/12 and 1/60 the right and left eyes respectively. must admitted, 
however, that the follow still short (average four years for these 
cases) exclude any progressive recurrent demyelinating disorder. 

now widely accepted that acute disseminated encephalomyelitis 
following the exanthemata due allergic response nervous tissues. 
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Experimental work the monkey the condition, using repeated 
inoculations brain tissue has shown that the optic nerves are frequently 
involved and they the chiasma may occasionally affected 
localized lesion (Kabat, Wolf and Bezer, 1950). Recently Uchimura 
and Shiraki (1957) most important contribution from Japan have 
described cases following inoculation against rabies 
anatomically. Identical lesions those produced experimentally were 
found autopsy and demyelination the optic nerves, chiasma 
tract were present. This work reveals another deficiency our 
study, that enquiry concerning previous inoculation immunization 
was probably not made every case the onset. 

Some our adult cases may have resulted from encephalomyelitis. 
Case (group had febrile illness week before vision began 
fail. perhaps worth comment that year previously she suffered 
from angioneurotic Patient (group commenced with 
had febrile illness few weeks before the onset, and was vaccinated 
two months previously. The separate attacks (group occurred 
after appendicectomy and teeth extraction respectively, and 
they followed A.T.S. inoculations (in the second attack had extensor 
plantar response). the extraordinary case (group who had 
attacks visual impairment over the course seven years, the only 
positive finding after extensive and repeated investigation, was healed 
pulmonary tuberculosis. The follow these cases has ranged from 
two eight years. Most them have made good recovery vision 
except for (who has poor vision one eye). far none them 
shows any sign progressive neurological disorder although the follow- 
period still too short. 

are able follow these cases another twenty years may 
able produce more reliable conclusions, but even then difficulties 
may still arise the case (group illustrates. This patient, 
already discussed, had short episode twenty-five years previously 
weakness arm. Loss vision occurred eighteen years later during 
which there were slight abnormalities the spinal fluid. the present 
time she perfectly well, that, although disseminated sclerosis may 
the correct diagnosis her case, there still strong element doubt. 

patients with neurological signs, there are several similar examples 
this our series. 

(group four years follow and still perfectly well. 

(group eight years follow and still perfectly well. 

(group nine years follow and still perfectly well, although 
blind. 

(group six years later perfectly well. 

(group fifteen years later perfectly well. 
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Our study was confined cases which vision only was affected 
the onset. established cases disseminated sclerosis, vision may 
rarely, the later stages the disease, impaired both eyes— 
either permanently for time. have seen number instances 
this. one such case post-mortem study revealed demyelination 
both optic nerves. may therefore expected that similar affections 
the optic nerves can the first manifestation the disease, many 
years elapsing before becomes manifest. 

Disseminated sclerosis could responsible cases, although 
(group should included this category. spent his whole life 
Ceylon until two years after the onset the condition. Disseminated 
sclerosis said extremely rare there. Yet label him 
optica” with interval two and half years between the visual 
disorder and the onset paraplegia unsatisfactory. one might 
expect the majority these cases are group suggesting that some 
the cases this group are patients who have suffered from isolated 
attacks retrobulbar neuritis affecting both eyes different times. 

possible that our series contains examples Leber’s disease. 
the early stages our investigation included young man years 
who developed impaired vision one eye and month later the other. 
When first seen, vision was restricted C.F. with each eye. The discs 
were pink and the edges not clearly defined and had binasal field 
defect with small residual crescents vision each temporai field. 
Examination was otherwise negative and the only other abnormality 
was C.S.F. protein mg. per cent. The family history that 
time was negative and was regarded suffering from bilateral 
retrobulbar neuritis. Vision has not changed since that time. One year 
later, elder brother developed similar condition (except that the 
discs were pale) and three years later younger brother became affected 
(in this case, one disc was blurred, the other pale). 

the case (group there are many features suggest 
Leber’s optic atrophy except for any family history. only 
child that possibly this cannot excluded with certainty. This 
diagnosis needs seriously considered and (group 1), 
and (group and (group 3). These patients were 
all males and all were left with severe degree visual defect with dense 
bilateral scotomata. them had brothers and sisters but none 
these had any similar condition. 


SUMMARY 


The literature relating patients whose presenting affection was 


bilateral retrobulbar neuritis reviewed. 
The clinical data personally observed cases bilateral retrobulbar 
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neuritis are summarized together with details their course. These 
patients have been followed for two fifteen years, the average follow 
period being six years the case the adults and four and half years 
the children. 

The adult cases have been classified into the following clinical groups: 

(1) Those which both eyes were involved simultaneously 
which the second eye was affected within few days the first, loss 
vision occurring rapidly and reaching maximum less than week. 
approximately half these cases vision improved recovered. 
Neurological features were observed some but patient, yet, has 
developed characteristic symptoms signs disseminated sclerosis. 

(2) Those which both eyes were involved simultaneously with 
gradual deterioration vision over period six months. 
good recovery occurred about half these cases. One patient had 
neurological signs and another increased cell count the C.S.F. 

and Those which interval several months years elapsed 
before the second eye was involved. These cases showed the highest 
percentage recovery vision (about three quarters). Some per 
these patients had neurological signs. 

(5) small group cases only) with recurrent attacks both eyes. 
Both patients are well eight years later. reference has been found 
the literature this type case. 

Details cases children are described which visual recovery 
was the whole, particularly good. One patient only this group 
has developed signs disseminated sclerosis. 

suggested that localized form encephalomyelitis responsible 
for many the cases childhood and perhaps for some the adult 
cases. the adult cases likely that disseminated sclerosis 
the cause the condition, and possible that others this may 
eventually prove the diagnosis. some cases spite the 
negative family history Leber’s optic atrophy may the appropriate 
diagnostic label. 

hoped that shall able follow most these cases 
and report upon them again later date. 


REFERENCES 


(1952) Amer. Ophthal., 35, 764. 

BENHAM, (1951) Neurol. Neurosurg. Psychiat., 14, 40. 

BONYNGE, W., and HAGEN, (1952) Amer. med. Ass., 148, 933. 
BRAIN, (1934) Trans. ophthal. Soc. 54, 221. 

Bucy, (1937) Amer. med. Ass., 109, 1007. 

CAMPBELL, (1952) Brit. med. J., 415. 

(1952) Amer. Ophthal., 35, 75. 

(1936) Lancet, 1202. 

Fucus, (1949) Arch. Ophthal., Chicago, 41, 60. 


XUM 


VON HERRENSCHWAND, (1939) Klin. Augenheilk, 102, 815. 
A., A., and Bezer, (1950) Proc. Ass. Res. nerv. Dis., 28, 113. 
KEEPING, A., and SEARLE, (1955) Lancet, 278. 
Lazarus, D., and Levine, (1934) Amer. Dis. Child., 47, 1310. 
(1956) Proc. Soc. Med., 49, 148. 
U., HAVENER, H., and (1953) Amer. Dis. 
Child., 86, 601. 
(1954) Proc. Soc. Med., 47, 494. 
NETTLESHIP, (1884) Trans. ophthal. Soc. U.K., 243. 
PATON, (1936) Arch. Ophthal., Chicago, 15, 
(1912) Graefes Arch. Ophthal., 83, 505. 
(1912) Klin. Mbl. Augenheilk., 50(ii), 446. 
(1915) Klin. Mbl. Augenheilk., 55, 68. 
(1928) Acta ophthal., Kbh., 332. 
SCHLOSSMAN, A., and (1954) Amer. Ophthal., 37, 487. 
(1952) Amer. Ophthal., 35, 755. 
(1949) Dtsch. med. Wschr., 74, 769. 
Swas, (1938) Arch. Ophthal., Chicago, 19, 926. 
(1917) Brit. Ophthal., 216, 281 and 337. 
(1925) Brit. Ophthal., 433. 
(1940) Brain, 63, 225. 
I., and (1957 Neuropath. exp. Neurol., 16, 139. 
WAGENER, (1952) Amer. med. Sci., 223, 205. 
WALSH, B., and (1940) Arch. Ophthal., Chicago., 24, 500. 
WERNER, (1945) Trans. ophthal. Soc. U.K., 65, 376. 
(1950) Arch. Ophthal., Chicago, 43, 454. 
(1933) New Orleans med. surg. J., 86, 25. 


APHASIA CONGENITAL DEAF-MUTE 
BY 


(From the Department Medicine, Toronto General Hospital, University Toronto) 


long ago 1878, considering the nature language general and 
the disorder aphasia particular, Hughlings Jackson commented, 
doubt disease some part his brain the deaf-mute might lose his 
natural system signs, which are some speech value him, but 
could not lose speech, having never had it,” while still later, concerning the 
same question, Macdonald Critchley (1939) says: “The question then 
arises whether not such physiological shunting associated with 
anatomical substratum vulnerable the usual morbid processes. 
other words whether focal cerebral lesions, particularly the left hemis- 
phere, could damage destroy the manual sign-language of, for example, 
the deaf-mute.” 

The rare occurrence aphasia from acquired cerebral disease deaf- 
mute has stimulated few important observations, but review the 
world’s literature seems reveal only three studies, one Grasset (1896), 
which, however, not exactly pertinent the problem now under con- 
sideration because the patient could post-traumatically still execute finger 
spelling with the non-dominant hand. Critchley (1939) rightly 
observes reviewing the study, inconsistency suggests differ- 
ent type speech-affection than case, and obviously regarded 
example another Macdonald Critchley (1938); and 
the most recent case study Tureen, Smolik, and Tritt None 
these, however, sufficiently complete meet the criteria required 
answer the question originally raised Hughlings Jackson—that the case 
congenitally deaf and dumb and that all language functions impaired 
including both finger spelling and basic sign language. analogous 
contribution, however, appropriate the discussion, the publication 
Gloning al. (1955) case study aphasia blind person who was 
unable read Braille following cerebral injury. Our interest has been 
attracted the unique opportunity studying such case con- 
genitally deaf-mute woman who developed intra-partum stroke 
with right hemiplegia and dysphasia. 
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The language manual signs which utilized and elaborated the 
deaf and dumb has fascinating and certainly ancient history, review 
which would too lengthy for this publication. However, two systems 
are customarily used today, one, finger spelling, dactylology give 
its correct designation, which the various letters the alphabet are 
indicated digital gesture, and another more ancient and universal 
origin, which, Critchley (1939) says, kind manual shorthand, 
whereby single gesture stands not for letter but for word, phrase, 
has been accepted some authors such Critchley 
that “‘this manual speech largely ‘international’ and surmounts barriers 
erected race, religion, language.” seems, however, that there may 
major exceptions this various parts the world. the Province 
Quebec, for example, understand that deaf-mute basic sign language 
fundamentally different that employed the rest the North 
American continent. 

Numerous older systems dactylology have existed, but the one that 
used the U.S.A. and Canada today generally attributed the Abbé 
(1712-89) and his successor, the Abbé Sicard. differs from 
the finger spelling techniques used England and elsewhere that 
unimanual method while the others are bimanual, and was introduced 
Connecticut the Rev. Gallaudet and his teacher, Laurent Clerc, 
himself deaf-mute, with the opening the first school for the deaf 
Hartford, Connecticut, April 15, means these alphabetic 
and basic sign languages, the deaf-mute has his disposal means 
communication surprisingly rich its vocabulary, and indeed reference 
the extensive literature impresses one with the versatility and grace 
gesture means communication equal or, some claim, superior 
vocal speech. 


REPORT 


Mrs. deaf-mute, the youngest family comprising four 
children, one male and one female also deaf-mutes, and years respectively her 
senior, and one normal-hearing female. Her father died six weeks before the patient’s 
birth, and the mother died when our patient was years age. Initially the patient’s 
language training devolved upon the deaf-mute brother and sister, the hearing sister 
only later becoming responsible for her. Both parents had been normal regard 
speech and hearing; she was deaf from birth. She married deaf-mute and this 
illness complicated the first pregnancy. 

about the fifth month her pregnancy she had some albuminuria and slight 
elevation blood pressure, but this settled down and for two weeks prior coming 
hospital she was well and normotensive. However, there was activity 
and intra-uterine death was postulated that time. She was the sixth month 
her pregnancy March 10, 1957, when about 10.00 a.m. she complained severe 
left-sided headache with nausea. When seen her obstetrician noon she seemed 
rather agitated and distressed with headache. neurological changes were evident 
that time. Pulse regular, per minute. Blood pressure 150/90. 8.00 p.m. 
the doctor was recalled and delivered easily small macerated foetus. When she 
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arrived hospital within hour after this delivery she was found have severe 
right hemiplegia with right facial weakness, total flaccid paralysis the right arm 
and mildly spastic paralysed right leg. The tendon-jerks were increased the 
paretic side with reduced abdominal reflexes and up-going great toe. 

Lumbar puncture this initial stage showed clear fluid with normal pressure and 
increase cells protein. The Wassermann was negative C.S.F. and blood. 

satisfactory left carotid arteriogram March 17, 1957, showed apparent 
abnormality the internal carotid artery and its middle and anterior cerebral 
branches. 

She was apathetic and drowsy for the first week, after which she became mentally 
alert though showing language difficulty described detail below. There seemed 
right homonymous hemianopia the first week but after that her visual fields 
were full. There was gross hemianesthesia but full and detailed sensory 
examination was not carried out until some six weeks after the onset her cerebral 
illness. The paralysis the right arm and leg remained complete until about April 
1957, after which there was fairly rapid return considerable power and increased 
spasticity the right lower limb. The right upper limb recovered only coarse 
proximal movements and the right hand and fingers remained pretty powerless and 
useless. She was soon able walk with support and two three months was 
able walk unassisted with hemiplegic gait. 

September 1957 she had reached static neurological condition with residual 
spastic paresis right limbs and the interesting language impairment. Her clinical 
course was complicated occasional grand mal convulsions. Full examination 
September 10, 1957, showed mild degree astereognosis and impaired two-point 
discrimination the right hand, otherwise normal sensation. The visual fields were 
full. 

This young woman undoubtedly suffered cerebral vascular lesion with extensive 
damage the left cerebral hemisphere. This occurred within hour after she had 
delivered six months’ dead The cerebral event followed immediately 
after parturition that seems properly designated intra-partum rather than 
post-partum apoplexy. The clinical features suggested cerebral infarction rather 
than hemorrhage and would not seem have been matter cerebral venous 
thrombosis. Such cases intra-partum cerebral apoplexy apparently 


arterial thrombosis embolism present recognized uncommon complication 


childbirth. has been suggested that emboli might spread from the pelvis the 
brain way the vertebral system veins. our case would seem more likely 
that there was occlusion one more branches the left middle cerebral 
artery emolism thrombosis. The negative arteriogram compatible with such 
possibility though tends exclude occlusion the internal carotid artery. 
not the purpose this report consider any further detail the 
and pathological aspects intra-partum apoplexy. Our interest has been fully 
centred the aphasic disorder this deaf-mute. 

regard the dysphasic disorder some importance consider the 
anatomical site the brain lesion this case. have precise knowledge 
this regard but the other cerebral symptoms, motor, sensory and visual, present fairly 
reliable presumptive evidence the regions affected. The motor involvement 
has been preponderant and the hemiplegia severe and relatively complete that 
demonstrates extensive posterior frontal destruction motor pathways. 
Convulsions have been prominent later sequel suggesting some cortical 
involvement, though seems likely that the major change white matter both 
subcortical and the region the internal capsule. The added sensory disturbance 
indicative some parietal, post-Rolandic destruction. The earlier and temporary 
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hemianopia was probably due marginal infringement the visual pathway 
the posterior limb the internal capsule. There may some added temporal lobe 
softening. 

Altogether seems pretty obvious that the patient has extensive ischemic cerebral 
softening cortex and white matter throughout the distribution the left middle 
cerebral artery. The greatest damage probably the posterior frontal region 
with lesser parietal and possibly upper temporal destruction. Nerve cells their 
connexions have been destroyed damaged from the pre-central and post-central 
gyri with probably also affection the superior temporal and supramarginal gyri. 


APHASIA EXAMINATION 


The patient had received her education from school for the deaf, 
terminating approximately the level six seven years elementary 
school. Prior her present illness she was capable silent reading, 
understanding what she read, and written expression. The latter 
function, although being adequate enough for everyday practical purposes, 
was not, however, considered fully developed. She had learned finger 
spelling the French one-handed method and prior the present illness 
used only her preferred, right hand for dactylological and written expres- 
sion. Prior trauma she was capable uttering few words the 
result school speech training, but her vocabulary was limited, and 
articulate speech such poor quality, that was considered 
practical communicative value. According her clergyman, relatives, 
and friehds, her finger spelling prior illness was perfectly efficient, while 
basic sign language skills, although adequate for most her needs, were 
probably somewhat limited versatility. 

Immediately following the cerebrovascular accident, our patient 
suffered right hemiplegia, and the dactylological expression she attempted 
therefore was with the left hand. The aphasic examination was carried out 
with the assistance the Minister the Evangelical Church the Deaf 
who was course conversant with deaf and dumb sign language, and well 
acquainted with the patient. 

When examined for receptive language functioning the level visual 
recognition, the patient was able recognize colours, common objects, 
pictures objects, geometric forms, numerals, letters, single words, and 
short sentences. Invariably she was unable express her recognition 
finger spelling writing, but given alternative set choices she 
could match these quickly and accurately. There was evidence there- 
fore visual agnosia for printed material nor indeed visual aphasia 
(i.e. difficulty the level comprehension) for printed single words, 
and even very simple sentences, but when the level complexity was 
increased the form printed paragraphs she either could not respond 
all, responded only part the material, indicating incomplete 
comprehension. 


When her ability both recognize and comprehend finger spelling 
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tested, again there did not seem any difficulty the level recog- 
nition individual letters provided the movements were executed slowly. 
She could select and match these signs very well from printed diagrams 
the signs, but when single words which demanded some appropriate 
response indicate her comprehension were finger-spelled for her, even 
very slowly, she was unable react appropriately. The same difficulty 
although not profound applied basic universal sign language 
where whole words total concepts are expressed; she was unable 
respond with the correct movement select the correct article picture 
being represented. She therefore appeared experience not only typical 
dyslexia for printed material, but also special from reading difficulty 
which, following Tureen’s suggestion, might designate dactylological 
dyslexia. 

Testing the patient for acalculia demonstrated that she could recognize 
printed numerals, being able match these with identical forms. When 
presented with the most simple arithmetic problems, however, she re- 
sponded inconsistently. Simple problems addition were occasionally 
correctly carried out, but her responses, whether means finger 
spelling, written response, selection the response from alternative 
set choices, were most frequently incorrect. seemed clear that her 
difficulty was not one expression, but coping with arithmetical 
processes per se. She appeared have the same arithmetical difficulties 
when the calculations were presented her finger spelling instead 
printed script. 

Examination the patient for astereognosis the left hand showed 
disturbance her ability recognize variety common objects. She 
was not always able name these, but without fail identified the objects 
correctly from range similar objects. 

The patient’s difficulties written expression with the left hand demon- 
strated that she was able copy correctly from printed script geometric 
forms, numerals, letters, single words, and even sentences. She occasion- 
ally omitted some letters within word, and occasionally produced mirror 
images, both errors being typical those found the dysgraphia 
expressive aphasia. However, she was not able name objects 
written expression, nor describe scenes from pictures, nor produce 
spontaneous expression thoughts. Under these circumstances she 
showed many more frequent errors omission and substitution both 
letters and words, and more production mirror images. Frequently 
she reacted emotionally she recognized her errors, then would make 
trial and error attempts correction, only eventually resort in- 
decipherable scrawling. 

attempts expression finger spelling and basic sign language the 
character the evident difficulty was most interesting. Tested first the 
level gesture, she was able mimic actions such 
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sticking out the tongue, tapping rhythmically with the fingers the left 
hand, closing the eyes, showing the teeth, etc. When required imitate 
finger spelling numerals she was quite successful, but when required 
imitate finger spelling single letters and words she began fail. With 
single letters her performance was inconsistent but, when she did make 
errors, the wrong finger positions she used were often closely related the 
correct ones. will have reason refer this phenomenon more fully 
later discussion the case. addition, our patient her dactylo- 
logical (alphabetic) expression, again like the typical expressive aphasic, 
perseverated her finger spelling. When required produce the 
alphabet finger spelling, for instance, she produced, “‘a, 
and when attempting finger spell the word she produced 
Another typical expressive-aphasia error that word and 
sentence abbreviation, which our patient showed finger spelling 
words. When required translate from printed script finger spelling 
the word “house,” she several times produced and then evidently 
recognizing her error attempted correct “scanning” through 
several other finger positions obvious attempt find the necessary 
letters complete the word, ultimately, however, leaving the word 
unfinished. 

The patient was also obviously impaired her ability use basic sign 
language. She characteristically made several trial and error attempts 
use this form shorthand” and sometimes succeeded, but 
she often made the wrong signs, and sometimes made abortive attempts 
basic signs, evidently recognizing that they were not forming correctly and 
attempting search for the correct sign. testing her for so-called 
automatic language expression, for instance the Lord’s Prayer and the 
Twenty-Third Psalm, both which are conveyed basic sign language 
and not finger spelling, she was quite unable express these, although 
previous trauma she was capable level performance 
both finger spelling and basic sign language fluctuated good deal, 
apparently according her degree physical and mental fatigue and 
mood. 

Our information is, from those best acquainted with the problems 
the deaf and dumb, that changing from the preferred the non-preferred 
hand for purposes dactylological expression often presents difficulty 
itself. the best our knowledge such reported difficulty has not 
been scientifically investigated but may presume that contains some 
motoric and self-perceptual problems. attempt therefore test 
how much the patient’s inability express herself was due use the 
non-dominant hand, the patient was presented with single printed letters 
and words and required reproduce these finger spelling while 
observing her own finger movements mirror. performance 
under these experimental conditions, however, was not changed. 
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The patient’s ability lip-read had always been very limited and was 
never anything but minor aid her receptive language functions. 
During the aphasic examination the presence absence lip movements 
seemed have effect. 

She was not capable accurately translating from printed script 
dactylological signs, nor could she translate from finger spelling printed 
forms. Under both these conditions she frequently omitted substituted 
both letters and signs; she also perseverated frequently. 

follow-up study the case nine months after the initial aphasic 
examination reported above showed the patient improved consider- 
ably her general physical and psychological condition. 

Written expression with the left hand, both copying from script and 
spontaneous writing, was now possible and apart from expected difficulty 
using the non-preferred hand was considered back normal 
writing skill. 

Expression finger spelling had improved markedly, but she made 
few errors letter omissions such spelling the word “haring” for 
which occasions she would obviously aware that she had 
made error, but was unable correct spontaneously. She was also 
considered somewhat slower and more hesitant dactylological 
expression, she were uncertain the correct finger positions. 

Expression basic sign language had also markedly improved although 
not such extent dactylological expression. She displayed what 
appeared obvious amnesic “concept” finding difficulty, for 
example attempting express the Lord’s Prayer which was produced: 
Father (long pause) who art (long pause) (finger The 
patient seemed unable continue beyond this. 

was the opinion the interpreter, however, that some the patient’s 
difficulty basic sign language was due physical limitations that she 
could only use one hand where many the signs require two hands, and 
also lack practice. was agreed that all her difficulty 
could not accounted for this way, and that she was perhaps only 
per cent proficient these skills compared with her ability before the 
illness. 

The patient’s ability read conventional written script and finger 
spelling appeared now normal, but reading basic sign language 
she was inclined make errors omission. For instance, she compre- 
hended and “lipped back” the whole the Twenty-Third Psalm but 
omitted the words and 


DISCUSSION 


summary, will seen that our patient had suffered some impair- 
ment the visual language function, though not the level visual 
agnosia, because she was able recognize colours, common objects, 
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pictures objects, geometric forms, numerals, letters, single words, and 
even short sentences. However, she did show disturbance compre- 
hension printed material when any degree complexity was introduced 
the form printed paragraphs. Furthermore she experienced special 
kind reading difficulty, designated dactylological dyslexia, her 
inability comprehend the meaning finger spelling and basic sign 
language. The latter dysfunction makes this case unique that the two 
previously reported studies indicated that although their cases showed 
dactylological dyslexia, one case, that Critchley (1938), the function 
basic sign language remained intact, presumably for both expressive and 
receptive purposes, while the other (Tureen, a/. 1951), evidently the 
patient was impaired basic sign language expression but retained the 
ability comprehend this language the recipient. Other important 
comparisons should made between the previously reported cases and 
our present study, that Critchley’s patient was not congenitally deaf 
and dumb but lost hearing and speech quite late childhood, when the 
normal language function had already been acquired; while Tureen’s 
patient showed dyslexia for print; furthermore his patient could lip 
read, while lip reading appeared play appreciable role the ability 
ours comprehend even prior illness. 

motor expressive language functions, our patient demonstrated 
dysgraphia her written expression with the left hand and motor 
dysphasia the left hand dactylological movements, both her 
attempts finger spelling and use the basic sign language. There was 
evidence astereognosis the left hand, neither was there evidence 
apraxia involving either the oral mechanism the left 
hand. mean that the patient had difficulty 
carrying out ordinary movements the left hand when used for other 
than communicative purposes. was only when she attempted finger 
spelling basic sign gestures for language purposes with the left hand that 
she had difficulty. 

the aphasia examination reported earlier, was noted that when the 
patient made errors her attempts expression finger spelling she 
frequently substituted wrong letter which was closely related digital 
articulation the correct letter. For example, she articulated the sign 
(d) for that (f) and will seen reference fig. the digital 
position for (f) indicated articulating the first finger and thumb, 
while (d) indicated articulating the middle finger with the thumb. 
Similar related confusions were (s) with (0), and (h) with (u), etc., pairs 
which are all closely related digital position. This phenomenon 
dactylological expression particularly interesting since typical expressive 
aphasics characteristically make the same errors vocal expression 
substituting related wrong sound for the correct one. The relationship 


between the two sounds question may one identical articulatory 
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positions, such (v) and (f), where one sound involves laryngeal move- 
ment and therefore phonation, while the other sound voiceless. The 
same phenomenon shown also dysgraphia when written expression 
disturbed. these instances the wrong letter used the patient 
often related form the correct letter such (y) for (v), (p) for (b). 

the light these observations would like propose that dactylo- 
logical expression finger spelling, unlike basic sign language, 
alphabet completely analogous the written one—it alphabet which 
can express only conventional languages. The distinction important 
one and emphasizes that the difficulty displayed our patient finger 
spelling related dysgraphia even perhaps apraxia, which 
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shall discuss later, may more superficial level disturbance than that 
found disturbance expression and comprehension basic signs, 
which aphasic phenomenon indicating that what might loosely 
termed language” has been impaired. 

However, the point wish emphasize just now that when the 
system disturbed expression either finger spelling basic signs, 
may language disruption akin dysgraphia. Both dactylological and 
basic sign systems are pictorial methods, and certainly disturbance com- 
prehension either system akin dyslexia, but whether disturbance 
finger spelling and basic sign language expression can likened dys- 
graphia would, despite the fact that they are pictorial methods, dependent 
upon the order acquisition these language skills. Congenitally deaf- 
mute children reared deaf-mute family often acquire some considerable 
ability initially basic sign language and subsequently acquire finger 
spelling, only finally becoming familar with conventional written symbols 
contrast, deaf-mute children reared normal hearing families most 
frequently acquire ability for expression and comprehension convention- 
written language initially and only later, all, the skills basic sign 
language and finger spelling. Our patient, through the influence the 
deaf-mute brother and sister, initially learned basic sign language and then 
quite elementary finger spelling the extent that she could, for instance, 
finger-spell her name instead using the basic sign. deaf-mute 
families this early teaching little finger spelling not unusual 
attempts display the superior ability the child these advanced 
skills, much the same way that normal hearing parents will encourage 
their children early pronounce difficult words. the age our 
patient came more under the guidance the normal hearing sister and the 
child attended oral school for the deaf where immediately the process 
teaching her conventional written symbols began. However, not 
uncommon under such circumstances for the children resort signs 
among themselves, through the necessity for social interaction, and 
quickly become proficient finger speliing and acquire more elaborate 
vocabulary basic sign language. Although not conclusively established, 
would seem that the acquisition language skills this patient was 
the order (1) basic sign language, (2) conventional written symbols, and 
(3) dactylological expression. However considering the order 
acquisition the latter two skills one must take into account motivating 
factors, that written symbols were officially taught first, but unofficially 
the child was strongly motivated for purposes practical social intercourse 
acquire finger spelling. may therefore that the two skills were 
acquired almost the same time. 

the case our patient therefore the disturbance basic sign language 


expression, since this was the first language skill acquired, should perhaps. 


considered true dysphasic phenomenon, that is, disturbance 


“inner” language, but the disturbance finger spelling expression 
analogous dysgraphia the sense that the finger spelling signs were 
symbols conventional written symbols which were acquired earlier. 
Her disturbance however the comprehension inability read both 
basic sign language and finger spelling may considered analogous 
dyslexia. Our patient therefore may said impaired dys- 
graphia and dyslexia both the traditional sense these terms applied 
disturbance the normal functions writing and reading, and 
special sense, inasmuch she limited her former capacities both 
express and comprehend this special system sign communication. 
subscribe therefore the view that there hierarchy function 
the process proceeding from the level abstract thought its 
actual motor expression, might conceive our patient’s expressive 
difficulty finger spelling being motor disorder akin apraxia. 
such disturbance more superficial level than inability 
express basic signs, which system say, was acquired first and 
forms language its own right rather than alphabet. 

Disturbance language such our patient displayed therefore 
related the reading and writing language functions, which the case 
the deaf-mute are essential value for expressive and receptive 
purposes. noted that our patient initially the illness was dis- 
turbed both dactylological and basic sign language but she was pre- 
dominantly impaired the latter function. Nine months later she had 
recovered considerably all language skills but was the expression 
and reception basic sign language that she remained most limited. 
admit therefore with Weisenburg and McBride (1935) that aphasia 
the less automatic and more complex processes” 
view developed the school which changes are considered 
manifestations disorder the Gestalt function,” then should have 
regard the basic sign language the deaf-mute being less automatic and 
more complex function than dactylological expression. Furthermore 
have also consider the possibility that deaf-mute basic sign language 
fact just highly complex conventional language. Following Jackson, 
Critchley (1939) quite correctly makes distinction between gesture and 
pantomime, likening the former utterance” and the latter 
the other hand should noted that the sign 
language deaf-mutes, whether dactylological basic sign language 
expression, formalized expressive gesture and more nor less 
symptom emotion than conventional forms language expression, but 
symbol for the purposeful communication concepts. Indeed 
although the manual system signs used deaf-mutes has acquired the 
designation “‘basic language, should not imply that this mode 
communication any way primitive the sense being deficient. 
the contrary, gesture language appears highly developed and com- 
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plex system capable communicating many instances, pointed out 
Anzalone and Peet (1948) the most delicate shades meaning. 
Indeed many basic signs may convey more exactly the concepts they 
represent than our verbal symbols, and there often more direct 
relation between the sign and its referent. was probably not for its 
precision conveying concepts that man elected utilize verbal means 
communication but the principle least effort, and for other 
utilitarian advantages had offer. 

Our case therefore seems verify Hughlings Jackson’s conjecture that 
the dominant cerebral hemisphere deaf-mute there exists language 
zone, insult which will destroy the special modalities language 
employed deaf-mutes. considering the problem, however, terms 
language acquisition, its dissolution and recovery aphasia, our 
findings appear conflict with the theory that aphasia disturbance 
the higher and more complex language functions unless grant that 
deaf-mute basic sign language more complex than conventional language. 
These findings are also variance with the prevalent notion that the most 
recently acquired functions are the first affected aphasia and the 
last recover. 
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THE TREATMENT MYOTONIA: 
CONTROLLED CLINICAL TRIAL 


PETER LEYBURN JOHN WALTON 


(From the Neurological Unit, King’s College, University Durham the 
Royal Victoria Infirmary, Newcastle upon Tyne) 


THE phenomenon myotonia consists delay relaxation 
voluntary muscle following upon contraction. Whereas the electro- 
myogram normal voluntary effort shows prompt cessation motor 
unit discharge the moment the muscular contraction relaxed, 
patients with myotonia electrical activity continues for variable period 
during attempted relaxation, and this known the myotonic “after- 

Myotonia occurs clinically the group disorders which have been 
referred “the myotonic syndrome” (Walton and Nattrass, 1954). 
This syndrome occurs three principal forms. the myotonia 
congenita form, myotonia affects the entire voluntary musculature, 
present from birth, and the sole cause the patient’s disability, 
least for great many years. would expected, the predominant 
symptom cases this type muscular stiffness, which accentuated 
cold and may sometimes profound and disabling. 
dystrophia myotonica form, myotonia may limited the muscles 
the forearms and hands, though sometimes more 
may first become apparent adult life and there are associated clinical 
features (frontal baldness the male, cataract, gonadal atrophy, 
sternomastoid weakness and myopathy peripheral limb muscles). 
such cases usually the myopathy rather than the myotonia which 
the principal cause the patient’s symptoms. Though differing 
widely clinical presentation and course seems unlikely that myotonia 
congenita and dystrophia myotonica are separate diseases, many 
intermediate forms occur; for instance many patients with myotonia 
congenita develop minor rarely severe dystrophic features. the 
rare condition paramyotonia, myotonia generalized and present 


from birth but may only evident exposure cold and often 
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followed generalized muscular weakness rather 
Usually the muscular stiffness which results from myotonia temporarily 
relieved repeated voluntary contraction, but there are occasional cases 
which accentuated exercise (myotonia parodoxa). The 
pathogenesis the phenomenon obscure, although there some 
evidence suggest that due disorder the muscle fibre 
membrane. 

Many unsuccessful attempts treat this condition have been made 
since Erb 1886 described experiences with electricity, massage, baths 
and gymnastics. (1948) full historical review pointed 
out that the early years this century great many drugs and hormone 
preparations were used, none which had significant therapeutic 
effect. 1936, however, Wolf used quinine and reported that was 
effective. was confirmed several other workers and for the next 
fifteen years quinine was accepted the best therapeutic agent, spite 
unpleasant side-effects and the fact that comparatively few cases 
showed consistent reduction myotonia negligible level. 

1950, Shy, Brendler, Rabinovitch and McEachern showed that 
cortisone moderate dosage reduced even abolished the myotonia 
two patients with dystrophia myotonica and later Shy and McEachern 
(1951) found that ACTH was least effective cortisone myotonia 
congenita. Liversedge and Newman (1956) have recently confirmed the 
value cortisone, while Scarzella (1957) gave prednisone patients 
with dystrophia myotonica with good results. Procaine amide was first 
used Geschwind and Simpson (1955) who reported that was very 
effective when given either intravenously mouth, but Liversedge 
and Newman failed confirm these results though they used smaller 
dosages. However, MacRobbie and Friedlander (1957) claimed good 
results out patients who were given grammes procaine 
amide mouth daily. Bergamini, Broglia and Ravizza (1957) found 
that this drug was effective only their patients but again the dosage 
utilized was small. 

the present paper report the results controlled trial, using 
larger number patients and comparing the effects three active 
drugs with inactive used quinine and procaine 
amide two the drugs but gave our patients prednisone instead 
cortisone, fluid retention and potassium depletion are less with this 
drug. Biochemical investigations are excluded from the present report 
but will described subsequent study the effects ion-exchange 
resins myotonia. 

MATERIAL AND METHODS 
The Cases 

The trial was begun with patients. One these was excluded 

because his myotonia proved barely detectable during preliminary 
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examinations; another was discarded subsequently because un- 
reliability, and third patient was subsequently withdrawn she also 
suffered from form periodic paralysis which complicated the picture. 
patients completed the full course; were males, females; were 
suffering from dystrophia myotonica and from myotonia congenita. 


this study were primarily interested practical therapeutic 
applications and the drugs were given mouth and the trial was 
conducted out-patient basis. was carried out under “double- 
blind” rules, whereby neither the patient nor the doctor who assessed 
his myotonia each visit knew which drug was being used any time. 
Every patient received each the drugs used, turn, the order which 
these were given having been planned random manner 
statistician. Each patient was interviewed initially when the investigation 
was explained him and preliminary assessment the severity 
his myotonia was made using the techniques described below. 


The Treatment 
Four kinds tablets were used the trial and each was given over 
three-week period follows: 
(1) Quinine grain sugar-coated tablets). Dosage—S grains b.d. 
the first week and grains t.d.s. the second and third weeks. 


(2) Procaine amide gramme tablets). gramme 
q.i.d. the first week; 0-75 gramme q.i.d. the second and 1-0 
gramme the third. 

(3) Prednisone mg. tablets). mg. b.d. throughout the 
three-week period. 

(4) “Dummy” tablets (lactose). tablet b.d. the first 

week and tablets b.d. the second and third weeks. 


The three-week periods followed each other without break and the 
total duration the trial was therefore twelve weeks. patient was 
seen weekly and the beginning each three-week period the trial 
proper was issued with his next supply tablets the hospital dispensary, 
according plan previously devised statistician. printed sheet 
instructions concerning dosage and possible side-effects was also 
issued. brief, the instructions were that the dose should reduced 
specified amount (sometimes increasing again gradually) mild toxic 
reactions occurred; possible reactions, such tinnitus with quinine 
indigestion sleeplessness with procaine amide were specified. The 
patients were instructed report once hospital their general 
practitioner more severe untoward effects occurred and the general 


practitioners were given full details the drugs and dosage employed 


the trial. 
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The Assessment Results 

each weekly visit the state the patient’s subjective muscular 
stiffness over the past week was discussed. Attempts were made 
each visit assess his ability perform everyday tasks; examples 
include relaxing the grip after wringing out wet cloth or, some cases, 
walking and down stairs. the end each three-week period the 
patient was asked his opinion the particular drug had just taken 
and compared its effects with that the others and with his condition 
when taking treatment all. objective assessment myotonia 
was obtained measuring the duration after-discharge the forearm 
muscles subserving the grip. attempt was made initially assess 
the severity percussion myotonia other muscles but this was not 
continued because the impossibility accurate measurement. 

Two methods were used measure the duration the myotonic 
after-contraction, one electro-physiological and one clinical. The 
electro-physiological technique was that described Liversedge and 
Newman (1956), using surface electrodes the flexor surface the right 
forearm and recording the electromyogram with EEG amplifiers. The 
advantages this system are first, its simplicity, secondly the immediate 
production permanent ink-on-paper record and thirdly, the fact 
that several channels are available for simultaneous use with different 
degrees amplification. Continuous recording was carried out 
channels set low gain. Channels recording high gain were 
switched off during the voluntary contraction, which would have 
overloaded them; they were switched again immediately the patient 
was ordered relax, when they recorded the gradually decreasing 
myotonic after-potentials and, because their greater amplification, 
demonstrated clearer end-point than channels recording low 
gain. During the recording the patient lay couch with the right 
arm relaxed and supported pillow. His fingers were placed around 
rolled sphygmomanometer cuff which was inflated each occasion 
the same volume and pressure. command squeezed this bag 
hard possible, kept the pressure for three seconds and then 
relaxed. Care was taken ensure that the command relax 
active attempt was made the patient straighten his fingers; merely 
attempted relax his relative strength each grip could 
roughly assessed observing the height the mercury 
sphygmomanometer. The only serious disadvantage this technique 
was that some cases the end-point was difficult determine with 
certainty. typical record reproduced fig. 

The clinical method was simpler, but subsequently proved just 
reliable method assessment the electrophysiological one. The 
patient gripped two the examiner’s fingers with his left hand tightly 
possible for three seconds and then attempted straighten the fingers 
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end point 


isec 


Fic. 1.—The electromyographic recording the myotonic after-discharge. The 
records are taken 4-channel ink-writing electroencephalograph. Recording 
taken from normal patient, Recording from patient with myotonia. N.B.— 
Channels and are recording low gain throughout. Channel recording 
high gain; switched off during the voluntary contraction but switched 
immediately the command relax given. There excessive noise level 

Channel 


quickly could, making certain that there was flexion the 
wrist. The time taken for the fingers and thumb fully extended 
was recorded with stop-watch. 

did not attempt keep forearm skin temperatures strictly constant 
during all recording periods, although the room used for the examinations 
was warm and had its temperature thermostatically controlled. Apart 
from the fact that any slight variations results due temperature change 
would tend cancel out over the whole trial, very significant variations 
myotonia were observed result from minor temperature changes. 
The skin temperature over the flexor aspect the forearm was recorded 
during each experiment with mercury skin thermometer strapped 
place for about half hour and occasion were temperatures 
recorded outside the range single individual showed 
variation forearm skin temperature more than throughout 
the entire period the trial. 

Usually was found that the duration the myotonic after-contraction 
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recorded electrically was about per cent longer than that measured 
the clinical method, but the two results varied exactly parallel 
manner. Thus treatment reduced the electrical after-discharge 
two-thirds, then similar reduction the clinical myotonia was observed. 
each visit measurements were made three times with each method. 
Intervals least five minutes (more often ten) were allowed between 
muscular contractions order prevent stiffness. 
Our experience suggests that the three-minute intervals allowed 
Liversedge and Newman (1956) were too short. the tabulation our 
results (Table have used the average all six measurements made 
each session, three with each technique, the figure represent the 
duration the myotonic after-discharge that particular visit. Each 
these figures (time seconds) has little value itself but possesses 
meaning when compared with results obtained other occasions. 


TABLE I.—THE AVERAGE DURATION SECONDS THE 
AFTER-CONTRACTION EACH THE CASES 
WHILE TAKING INERT TABLETS AND THE DRUGS UNDER 


TEST 
Procaine 
Case No. Control 


inclusive were suffering from myotonia 
congenita, Cases from dystrophia myotonica with 
dystrophic features variable severity. The results 
these cases have been tabulated roughly order their 
responsiveness treatment; those which were relatively 
resistant are the lower end the table. Due 
error, Case did not receive prednisone. 
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RESULTS 


Using the techniques described above, the duration myotonic 
after-discharge the untreated patients with dystrophia myotonica 
varied between extremes seconds and seconds but was generally 
consistent each individual. the cases myotonia congenita the 
lower limit was seconds, the upper limit seconds; the average 
duration the whole series cases was seconds. case 
did the dummy tablets (lactose) produce any significant reduction the 
duration the after-contraction. The results the trial are given 
Table and Table the average duration the after-contraction 
each case under control conditions and during treatment recorded, 


QUININE 


PROCAINE AMIDE 


improvement 


PREDNISONE 


improvement 


$6789 Wil 1213 1415 1617 18 19 20 
case numbers 


Fic. 2.—Histograms showing the percentage improvement myotonia which 
occurred each individual case during treatment (for detailed explanation see text). 
Owing error prednisone was not given Case 13. 
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while fig. the percentage improvement the myotonia (i.e. the 
percentage reduction duration the after-contraction) each case 
charted. 

Because the blind nature the trial were unable manipulate 
the dosage the drugs meet the requirements individual patients. 
Fortunately this did not prove serious disadvantage. The dose 
prednisone, which appears have delayed effect, was constant 
over the three-week period, but the dosages quinine and procaine 
amide were each increased. case did the higher dosage quinine 
have greater effect upon the myotonia than the lower dose. Somewhat 
surprisingly, very few patients who were improved procaine amide 
showed less myotonia with the grammes daily than with grammes. 
One heavy young man with myotonia congenita whose control duration 
myotonia averaged seconds, had this reduced seconds 
grammes procaine amide daily. others the patients who 
showed obvious improvement procaine amide were better with the 
larger dose than the smaller, but the remainder dose grammes 
prednisone the delayed response described other workers who have 
used cortisone was observed most the responsive cases. 
change the myotonia was observed the first week, considerable 
improvement generally occurred the second, but thereafter there was 
significant change. Because this fact Table and fig. the figure 
representing the duration myotonia while under treatment with 
quinine and with procaine amide respectively has been based the 
average duration the after-contraction all three visits (and similarly 
the case the control). The result with prednisone represented 
the average duration the second and third visits only. Because 
the patients who needed grammes least procaine amide daily 
for maximum effect this method assessment gives very slight bias 
against the results with this drug. 


DISCUSSION 


The table and histograms show that each the three drugs under 
trial had therapeutic effect most the patients when compared with 
the control. Quinine was the least effective the three, but the 
whole there was relatively little choose between procaine amide and 
prednisone. The very few cases which treatment appeared worsen 
the condition can probably ascribed inaccuracies assessment, 
and the spontaneous day-to-day variation which commonly occurs 
some myotonic patients. improvements per cent more 
are taken indicating effective treatment will seen that such results 
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amide and with prednisone. These results can certainly 
not accounted for spontaneous variation experimental error. 
Because the method presentation, which depends upon the average 
several estimates, case represented showing 100 per cent 
improvement. fact, myotonia was not detectable our techniques 
several occasions during treatment with procaine amide prednisone. 
interest that despite abolition myotonia increased power 
grip was not observed any case. 

difficult see why some cases (e.g. Cases 16-20) showed 
relatively poor response treatment. some (e.g. Cases and 16) 
dystrophic features were severe and myotonia was not prominent. 
However, those showing the poorest response all, namely Cases 18, 
and were young patients showing only minor dystrophic features, 
whom myotonia was the principal complaint. They were the 
most co-operative patients the trial, and there doubt that they 
took their drugs exactly instructed. propose carry out further 
investigations these cases, hospital, the near future. 
possible that these patients larger doses the remedies may required, 
although those utilized the trial approached the maximum permissible 
dose for each drug which could used for long-term treatment. 

The only drugs produce side-effects during the trial were quinine 
and procaine amide. Quinine produced unwanted effects patients, 
whom had tinnitus. Usually this was mild and tolerable, but 
patients were compelled reduce the dose. complained some 
degree deafness and “thick” head associated with the tinnitus, 
while patient had constant dull headache without 
amide produced severe nausea and anorexia patient who reduced 
the dose grammes daily the third week; another had anorexia 
and nausea which was not severe enough compel reduction 
dosage. Headaches third case necessitated reduction dosage, 
but all the remaining patients managed take grammes daily 
without severe side-effects although had mild indigestion, aching 
the muscles and disturbed, restless sleep. One patient complained 
indigestion while taking the lactose tablets and another 
ascribed her sleeplessness these. Prednisone was remarkably free 
from unpleasant side-effects, none being noted any patient during 
the three-week period the drug. This three-week period is, course, 
little value judging the safety steroid therapy used long-term 
measure. would, feel, unwise embark maintenance therapy 
with prednisone myotonic patient another therapeutic agent 
equal potency were available. 

From the results this trial appears that procaine amide may 


such drug. spite the feeling positive well-being produced 


prednisone cases, most those with incapacitating myotonia, when 
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asked the end the trial which tablets they would prefer take 
indefinitely, chose procaine amide. have mentioned, our results 
show that, objectively, there was little difference efficacy between this 
drug and prednisone. Procaine amide Pronestyl (Squibb) has been 
used regularly for some years cardiology. Serious side-effects are 
rare, though case agranulocytosis has been recorded (Inouye, Millar 
and Townsend, 1951) and may wise regular white cell counts 
during maintenance therapy. Experiences with troxidone therapy 
epilepsy, however, suggest that such periodic blood counts are little 
value predicting the onset agranulocytosis and probably wiser 
instruct patients stop the tablets and report their doctor they 
develop sore throat high fever. The precise action the drug 
the muscle fibre not known with certainty; probably stabilizes the 
membrane the muscle cell some way. the present time seems 
the most suitable remedy for the long-term treatment disabling 
myotonia. 


SUMMARY 


controlled clinical trial was carried out which quinine, procaine 
amide, prednisone and “dummy” tablets (lactose) were given patients 
suffering from myotonia. The therapeutic effects each these 
substances the myotonic phenomenon were assessed electro- 
myographic and clinical methods, and were compared with one 
another. 

patients, with dystrophia myotonica and with myotonia 
congenita took part the trial. With one exception every patient received 
each the tablets turn for period three weeks. 


All three the drugs utilized were found have therapeutic effect 
reducing the duration the myotonic after-contraction. Quinine 
was the least effective but procaine amide and prednisone seemed 
equally successful the doses used. Side-effects (none them serious) 
occurred half the patients taking quinine and nearly third those 
taking procaine amide. Most these reactions were relieved 
adjustment dosage. side-effects were produced prednisone 
during the period the trial but three-week course treatment was 
too short allow estimate the possible hazards long-term 
maintenance therapy with this drug. 


suggested that procaine amide safe and effective remedy for 
incapacitating myotonia the great majority cases and should 
considered the treatment choice although the remote risk 
agranulocytosis must borne mind. Prednisone equally effective 
but probably more likely cause unwanted effects when used over 
long period. 
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SUDDEN BODILY JERKS FALLING ASLEEP 


IAN OSWALD! 
From the Institute Experimental Psychology, University Oxford 


INTRODUCTION 


WHEN dropping off sleep night one may occasionally experience 
sudden, momentarily rather alarming jerk the whole part the 
body, often accompanied vivid dream experience hallucination. 
The fact that such jerks are fairly infrequent events, and are rarely 
source complaint, doubt accounts for the dearth organized 
knowledge about them. 

When normal humans are subjected regularly recurring stimuli, 
which they are required make regular responses, they tend drop into 
light sleep between those responses, just did the dogs Pavlov’s 
laboratory (Pavlov, 1955). the course some experiments involving 
many hundreds such episodes light sleep (Oswald, 1958), the 
experimental subjects each experienced jerk the body, the type 
mentioned, shortly after slipping into sleep. each case the electro- 
encephalogram, electrocardiogram and respiration were being recorded 
the time, and was the occurrence these jerks which prompted 
further deliberate attempts learn more them. 

There little found the EEG literature concerning these 
jerks. None the major EEG studies sleep mention them. Gibbs 
(1947), discussion only, recorded having said they were not 
associated with EEG abnormality. the other hand, Kennard al. 
(1958) state, though only aside, their discussion article 
another topic, that 

“spontaneous myoclonic jerking movement appeared our 

subjects during the drowsy period and other time, and, each 
case, irregular high voltage activity the drowsy phase was present 
background for the twitching. each case, furthermore, sudden 
high voltage bursts activity appeared the instant the twitch. 


Memorial Research Fellow. 


XUM 


|__| 


XUM 


SUDDEN BODILY JERKS FALLING ASLEEP 


Both twitch and burst were unilateral the cases. all 
they were confined the distal portions the extremities the 
face, suggesting cortical origin for the myoclonus.” 


One would like know what the Kennard mention, 
consisted, and what, fact, were their exact time relations the jerks. 
Since the authors were not recording bodily movement, one wonders 
whether the jerks were, indeed, only unilateral (see fig. 
below). Also they were believed contralateral. 

Symonds (1953) quotes EEG report Dr. Pond the record 
one the cases Symonds. The patient jerked during seconal sleep. 
The jerks were associated with symmetrical arousal patterns. 


OBSERVATIONS 


Subject 

The recording made during one the jerks mentioned previously shown fig. 
had fallen into light sleep for several seconds when received very faint 
auditory stimulus which should have responded pressing switch. That 
response was not made, but second after the stimulus had violent bodily jerk, 


4 4 A, 
ECG 


ECG =electrocardiogram. RS=respiration (inspiration down). 


Fic. 1.—On the extreme left can seen distortion the respiration channel 
which caused marker, operated the subject, hearing faint tone. The 
subject then slipped into sleep. The next faint tone, the time the marker the 
channel below the respiration curve, occurred when the subject was asleep. did 
not make the appropriate response, but second afterwards gave violent jerk (arrow 
points the artifact). Note that the artifact occurs during down-going EEG sharp 
wave which followed higher voltage slow wave and then c/sec. and, later, 
c/sec. waves. Note also the sudden chest movement and the tachycardia. cold 
sweat accompanied the latter. 
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accompanied characteristic feeling something flowing through his body. The 
jerk was quickly followed sudden chest movement the direction expiration, 
and then deep inspiration, tachycardia and cold sweat. artifact caused 
the jerk can seen have occurred during downgoing EEG sharp wave which 
preceded larger slow wave opposite phase. The electrode positions were too far 
posterior have shown the phase reversal K-complex sleep, but was thought 
probable that the sharp wave, during which the artifact occurred, was fact the initial 
sharp wave preceding the main component K-complex (Roth 1956). 

The subject was 22-year-old male, healthy, athletic, and university-educated, with 
history personal head injury note, nor personal family history attacks 
loss consciousness. His EEG recorded under standard conditions was normal and 
unremarkable, with fairly steady alpha rhythm c/sec., 30-40 microvolts. 
was found questioning this subject that this jerk had had was typical those 
which was frequently liable. would have several most nights each week, and 
also had nap during the day, especially the latter was illicit one when was 
supposed awake. believed his right leg was usually especially affected, and 
often, though not always, experienced strange sensation something passing 
flowing through his body, something and and then everything around 
him took quality for minute two. 

was believed that these jerks were phenomena light sleep recent onset and 
that the technique previously used with this subject, involving repeated responses 


LL=left RL=right leg. 
(inspiration down). 

Fic. 2.—Again the subject had gone sleep while listening for faint tone. 
the arrows jerked, apparently quite spontaneously. The arrows point the 
earliest signs movement discernible the original trace. Note that the jerk this 
case precedes EEG K-complex. 
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faint stimuli, offered means ensuring that did not simply straight into deep 
sleep, but would repeatedly fall into light sleep. Ten more jerks were thus obtained 
with this subject who, very kindly, for eight weeks went without sleep one night per 
week, ensure sleepiness the next day. well four EEG channels, his respiration 
was recorded means mercury-in-rubber tube; his electrocardiogram elec- 
trodes the wrist and leg. Further saline pad electrodes were fixed over the left and 
right gastrocnemii and peronii give indication movement artifact muscle 
potentials from the legs. these jerks occurred during sleep and, like the jerk 
fig. seemed clearly related time external stimulus which should have 
responded, else imminent stimulus. Gastaut (1957) have also 
observed, the sleep associated with regularly recurring stimuli tends ended 
arousal just before the next stimulus due. 


RS=respiration (inspiration down). LL=left leg. 
right leg. 

Fic. 3.—The arrow points the jerk artifact the electrocardiogram which was 
derived from the left arm and the left leg. The subject believed this jerk involved 
mainly his arms, and experienced feeling across his body from his left arm. 
jerk artifact can seen the leg leads, suggesting that the subject’s belief, this 
case, was correct. this case the subject, who had again gone sleep while listening 
for faint, regularly recurring tones, jerked just before the next faint tone was due—on 
and off artifacts related the tone can seen the respiration and leg channels. 
The small the respiration curve are caused apex beat movements. Note 
that the jerk followed EEG slow wave complex with frontal phase-reversal and that 
the first respiratory event after the jerk was deep inspiration. 
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Electroencephalographic arousal signs accompanied each jerk. However, only 
one case (fig. did the jerk unequivocally precede, and presumably cause, the arousal. 
other cases, the jerks, illustrated figs. and occurred during, just after, 
small EEG slow wave disturbances which had frontal phase reversal and were 
followed more less activity c/sec. seems likely that these were poorly 
developed K-complexes, which are signs arousal process (Roth al., 1956). 

cases where almost immediate chest movement occurred, was the direc- 
tion expiration, particularly large fig. sometimes the first 
respiratory change was delayed for second so, which case deep inspiration 
occurred. 

The jerk fig. served emphasize the unreliability the individual’s own account 
the sudden events the jerk, respect which part the body moved, fact 
relevant the cases Kennard a/. (1958) mentioned previously. 


Subject 

Fellow Oxford college, aged 48. had had nocturnal enuresis till aged 
16. Since the age had been subject disturbance sleep bodily jerks, 
accompanied various visual hallucinations. They began, thought, time 


4 


sec. 


ECG =electrocardiogram. RS=respiration (inspiration up). LL=left RL= 
right leg. 


Fic. 4.—The subject had again gone sleep and failed respond faint tone 
(see and off artifacts respiration and leg channels). Three seconds afterwards 
jerked (see arrow). this case the subject was certain that was his right leg only 
which jerked and that did sort The leg electrodes were similar 
positions each side and the channel amplifications were the same. the record 
both the initial spike, and the following disturbance, greatest the channel from the 
left leg, which was re-checked for laterality. Note especially the large expiratory 
movement which follows immediately after the jerk. small frontal slow wave with 
phase-reversal visible and c/sec. waves follow the jerk. 
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work stress. Beverages containing caffeine increased, and alcohol and barbiturates 
decreased, his liability jerks. Over the years had had long periods freedom, 
particularly when his dyspepsia was its worst. These times freedom were inter- 
spersed with periods weeks months when, frequent nights, had difficulty 
getting properly off sleep because repeated jerks. had never had head 
injury note. There was personal family history attacks loss conscious- 
ness. Migraine, asthma and eczema troubled him from time time. 

One recording session was undertaken with this man. had slept for only two 
three hours the preceding night, and, the late evening, after several cups tea, 
tried sleep. However was unfamiliar with the surroundings and the record- 
ing gear, and had difficulty relaxing. four hours recording never went more 
deeply asleep than the stage flattening the EEG record, which occurred briefly 
from time time. had only one very small jerk, unaccompanied hallucina- 
tion. Galvanic skin responses were seen from each leg, and small expiratory chest 
movement, but notable EEG features which were not artifact. 


Subject 

healthy, normal, university-educated male, aged 21. head injury note, nor 
any personal family history attacks loss consciousness. thought got 
jerks bed four five times year. The jerk this subject, like that fig. was 
recorded accidentally. was making regular responses two second intervals and 


Fic. 5.—In this case the subject heard and responded the faint tone (see the pair 
and off artifacts the respiration and other channels). promptly went 
sleep, but jerked where the arrows point jerk artifacts the electrocardiogram and 
EEG channels. Note that the jerk follows small frontal slow wave with phase- 
reversal and followed c/sec. waves. 
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his jerk occurred during one the brief episodes sleep that occurred between these 
responses, time when should have begun prepare for the next one, but had 
failed begin. Apart from jerk artifact the EEG, the only feature note was 
burst c/sec. waves after the jerk, lasting seconds. reported his jerk once, 
and said had been accompanied sense something flowing across his body from 
one arm the other. 


Patient 

was encountered because sought medical aid for the disturbance his rest 
night jerks. was Service officer, aged 32. There was personal family 
history attacks loss consciousness, nor any personal history head injury, nor, 
indeed, any illness note. 

The jerks had become frequent the previous three years. most weeks they would 
occur nights, often every couple minutes, and would prevent him getting 
sleep for hour two. had had periods relative freedom lasting weeks 
time. thought evening drink beer reduced his liability jerks. 


The jerks, said, were commonly accompanied feeling flow, 
quality down one both legs. When this reached the foot, feet, the jerk occurred, 
and then feeling shot through the body the head, which seemed 
swell right out. was adamant that these jerks occurred when was still awake. 
When bed, would indulge various antics, such sticking his legs straight 
the air, order prevent the jerks. These performances troubled his wife, who 
proposed consult doctor. 

regular drink beer before retiring. The night before the EEG recording was made 
was admitted hospital, and asked would remain awake all night. sat 
table writing reports related his work which had brought with him. The 
bizarre colouring attached his description his jerks and the odd sensations felt 
would have received little notice, similar had not been encountered 
Subjects and seemed “‘jumpy”’ sort person. 


recording session was first undertaken with this man during the afternoon follow- 
ing his sleepless night. Stick-on electrodes were fixed pre-frontal, frontal, anterior 
parietal and posterior parietal positions each side. 


rapidly went sleep and snored. Three times that afternoon, when was 
well asleep, said loudly, you been asleep terrific jump each 
occasion, looked round puzzled fashion, and, repeated question, answered 
emphatically that had not been sleep. other jerks occurred. 

the evening, the stick-on electrodes having been left position, was once more 
connected the machine, lay onacouch. When the EEG machine was switched 
on, was obvious that was already asleep, but the front three EEG channels were 
grossly obscured c/sec. artifact and ECG pick-up, clearly owing high 
resistance electrodes. switched off the machine, and was about inject some extra 
jelly under the electrodes, when assistant came through first the outer, then the 
inner, door the room. The noises the doors were about seconds apart. 
each these sounds the patient gave violent jerk, after which opened his eyes and 
said, coming early tonight, doctor. got those feelings right through 
was sure had not been asleep. 

more jerks occurred another three hours recording, except when extra 
room light was momentarily switched on. Another jerk then occurred, just after 
EEG slow wave with frontal phase reversal. again denied having been asleep. 
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DISCUSSION 
How Common are These 


order gain some idea the answer this, questioned 
acquaintances about these jerks. They are not random sample 
the population, but have wide age range. Seven thought they had 
never had such jerks, thought they had them about three times 
year, thought they had four six year, thought they had them 
about once month, about once week, and average, more 
than one night week. Most those who had these jerks said that 
sometimes they were frightening experiences. said the jerks were 
usually associated with feeling falling, and cases this was 
elaborated into falling downstairs, over cliff and into pit 
Joseph was cast into his respectively. another, was 
thought that the jerks were associated with dreaming receiving 
electric shock, another with light flashes, horrid faces 
over the heart. Two recent personal ones have been accompanied 
sudden light flash one case, and another the sight half 
brick hurtling towards face. Those who said they got jerks often, 
said that they might get several any one night, and then none 
many nights. 

The jerks Subject varied greatly size. Discussion with the 
wives several those questioned have led the conclusion that the 
jerks are much more frequent than the individual normally aware of, 
those who believe they get only few year, actually getting few 
most nights, their spouses are believed. seems only the 
violent jerks fully awaken most people, and only these are the ones which 
they recall, the lesser ones being lost the amnesia sleep. 


The Characteristics the Jerks 


The jerks have only been found during light sleep, conformity with 
the statement Kennard al. (1958) previously noted. This was true 
the case Patient who was sure had not been asleep. Symonds 
(1953) mentions similar patient who believed had not been asleep 
when his jerks occurred; yet the patient’s wife thought was asleep, 
and the consciousness,” postulated that case 
Symonds, might appear have been only that normal sleep. 

The belief that Subject some the jerks bore relation external 
stimuli was confirmed the case Patient was quite clear, 
however, that other jerks bore obvious relation external events, 
and even those cases where perhaps there was such relation, the 
latency was the order seconds rather than milliseconds. likely 
that dream events could act stimuli for some jerks, but would not 
seem justifiable regard the jerk response to, for instance, the feeling 


+ 


Ke 


100 IAN OSWALD 


falling—which how the individual may interpret it, for the neural 
events which precede the jerk might also initiate the dream falling. 
fully alert person’s judgement the time relations between two nearly 
simultaneous events unreliable—how much more that the 
sleeping person? 

The jerks often occurred during what may have been poorly developed 
EEG K-complexes. The latter occur not only responses external 
stimuli, but also responses internal stimuli. must acknowledged, 
however, that K-complexes are very common events, whereas jerks are 
not. There something about the individual some nights which 
predisposes him the jerks. The personal impression gleaned from 
questions, does not accord with Symond’s view that anxiety will not 
precipitate jerk (Symonds, 1953). Again, the impression gained has 
been that awaken may involved, but how uncertain. 
This may illustrated from personal experience. out the large 
jerks experienced over six-month period occurred during one night, 
earlier part which one children awoke, crying with 
otitis media. During the rest the night, sleep was against background 
desire able wake once, the child cried again. Perhaps 
this caused the jerks, responses slight external sounds, 
perhaps merely caused alternation between drowsiness and light sleep 
for the rest the night, that the condition light sleep, favourable 
the jerks, was many times the customary duration, and deep, 
amnesia-producing sleep did not occur. 

Three those questioned immediately after jerk reported 
through their bodies. One the cases Symonds (1953) reported 
feelings particles all over his body are being drawn together 
magnet.” 

Sometimes, may seen figure for instance, immediate sharp 
expiratory chest movement would occur. Symonds (1953) mentioned 
the case man who said that “sometimes the wind forced out 
him, sometimes forced into him. With this there quite involuntary 

Are the Jerks 

Any answer this question must partly matter individual 
taste. The jerks involve sudden, involuntary, inco-ordinate, bodily 
movement and, often, involuntary sensory experience which, 
proportion cases, undoubtedly stereotyped. reliable information 
available indicate whether certain patterns muscular activity are 
characteristic the jerks. 

The frequency these jerks the people questioned, together 
with the probability that many unremembered, suggests that nearly 
everyone has these jerks sometimes, which would, for many, act 
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discouragement the use the term epilepsy. Sudden, involuntary 
movements occur the reflex startle pattern (Landis and Hunt, 1939), 
but would not regarded epilepsy. Landis and Hunt noted that the 
startle reflex was most marked when the provoking stimulus was totally 
unexpected, when the subject was most ease. They also adduced 
evidence for mid-brain origin for the neural discharge. The startle 
pattern and the jerks light sleep thus appear have features 
common, for the arousal process thought have mid-brain origin. 

Symonds (1953) proposed that, the case persons who experience 
these jerks falling asleep with frequency excess those 
which may occur normal persons,” the term 
should used. describing examples such persons, Symonds 
set out support his belief the epileptic nature these jerks. The 
cases describes appear differ essential way from those, among 
the persons questioned, who get jerks most frequently. those 
persons there was, furthermore, suggestion discontinuous 
frequency distribution, with which support the use special name 
solely account greatest frequency jerks. 

only one his cases did Symonds consider there 
doubt the association nocturnal myoclonus with frank epilepsy.” 
This was man with history many faints witnessing disagreeable 
sights standing, but also causeless attacks 
unconsciousness, sometimes when sitting,” preceded giddiness and 
unaccompanied urinary incontinence tongue-biting. The view 
that these should necessarily regarded frank epilepsy may not 
command unanimous support. may contrasted with the proposition 
Kremer (1958) that, “If patient faints often enough likely 
have tonic fit sometimes, perhaps epileptic fit never,” proposal 
supported the work Gastaut (1958). 

The present limited enquiry has led the impression association 
between jerks falling asleep and anxiety, and the suspicion that 
those who seek medical aid may because they are more alarmed 
their jerks, and hence also remember more them, and get off deep 
sleep less readily, than many others who get the jerks frequently, but 
not bother their doctors. From this, admittedly biased, viewpoint 
not difficult see some possible confirmation the cases Symonds 
described. Thus, one patient’s brother had developed status epilepticus 
and died clot blood his head,” the patient himself had 
cranial defect and reported bizarre sensations from within his own head, 
and that bent forwards, felt the inside his head was going 
spill out. Might this patient not have regarded his own jerks 
harbingers the status epilepticus his brother? The jumps another 
patient, some whose doctors had regarded him neurotic, started with 


feelings spreading from the left precordium. Ten years previously 
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had been told that might have had coronary thrombosis. the 
latter time had had episode angor animi, and for hour, till 
reached hospital, had evidently had bodily jumpings, which Symonds 
suggests were status” but which seem allow the 
possibility that they were the quakings fear acute anxiety attack. 
Another patient had had gunshot wound the first world war, 
“involving the scalp only,” followed amnesia forty-eight hours, 
which seems rather long have been wholly organic origin. The 
jerks this same man, who knew himself have arterial hypertension, 
were associated with curious feelings the head and were worse when his 
flatulent dyspepsia was bad. Another patient had “found that cutting 
corn his foot will cause twitch unexpectedly hurts,” but 
not clear what way such reaction exceptional. 

Anticonvulsants are sometimes prescribed for patients who complain 
jerks night. assessing their value, several factors must borne 
mind. May their sedative effect cause deep sleep attained more 
quickly, that, since the jerks occur light sleep, jerks will fewer? 
what extent may they increase amnesia for jerks? What 
spontaneous periods freedom? Subject exemplified how periods 
very frequent jerks may followed long intervals only rare 
jerks. Finally may thought that reassurance may have value 
treatment. 


SUMMARY 


Many normal people occasionally, when falling asleep, experience 
sudden jerk the whole part the body, accompanied 
vivid sensory experience. 

Recordings electroencephalogram, electrocardiogram, respiration 
and limb movements have been made during number these jerks. 
The jerks have only occurred during light sleep, often very brief 
duration. They have sometimes appeared part arousal response 
faint but significant external stimulus. They sometimes have 
occurred during apparent small K-complexes the EEG. sudden, 
sharp, expiratory movement has sometimes immediately followed the 
jerk; alternatively more delayed deep inspiration. 


The jerks seem occur, with widely varying frequencies, nearly 
every normal person. The view that, when frequent, they should 
classed epilepsy, critically considered. 
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ACUTE HEMIBALLISMUS TREATED VENTROLATERAL 
THALAMOLYSIS 


PURDON MARTIN! IAN McCAUL? 


THE successful surgical treatment acute hemiballismus appears 
sufficient importance justify the publication the following 
case. 


CASE REPORT 


The patient, Mrs. G., was housewife years age; she had been known 
suffer from arterial hypertension for about ten years, and one time her systolic 
blood pressure had been well above 250 mm.Hg; about three months before the onset 
her present trouble she had had symptoms cardiac inadequacy; she was also 
diabetic, but her diabetes was well controlled. 

the afternoon September 27, 1958, while she was sitting home 
armchair, her left arm and leg began After little time she telephoned 
for her doctor, who prescribed sedatives, but the movements the affected limbs 
quickly became more severe and within two days the patient was admitted clinic. 
There she was kept under the influence Amytal and Phenobarbitone considerable 
doses, and first spent good deal her time sleeping and, while asleep, she was 
free from her involuntary movements; however, these drugs seemed gradually 
lose their effect and the end three weeks from the onset, spite increasing 
doses, she was awake most the day, and while awake, was afflicted continuous, 
large, choreic movements her left limbs. she was all excited the movements 
became very severe, and they showed sign subsiding. 

The patient had stay bed all the time because she was unable sit chair, 
let alone stand walk. 


When she was seen consultation, was evident that she was suffering 
from hemichorea the kind due lesion the corpus Luysii—often 
called hemiballismus. The first question that was raised was whether 
any other medical treatment was likely more successful, and 
that had answered the negative, was suggested that operation 
should considered. 

Since the experimental work Carpenter, Whittier and Mettler 
(1950) was known that the impulses responsible for the involuntary 
movements such cases came from the globus pallidus, and that 
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the monkey “choreoid due lesion the corpus 
Luysii could abolished, either destroying part the globus pallidus, 
interrupting its efferent fibres the fasciculus lenticularis; their 
first report Carpenter and Mettler (1949) had referred also one instance 
which the was abolished lesion the lateral part 
the thalamus. 

Consequently, were treat the case the basis this 
knowledge stereotactic operation would required. 

were aware that both before and since the publication Carpenter, 
Whittier and Mettler’s work, and before the introduction stereotactic 
surgery, various other operations more empirical nature had been 
performed cases this kind. Acute hemichorea this variety 
presents somewhat desperate problem, both because distressing 
the patient and because, the more severe cases, rapidly fatal, 
and some the operations that had been performed were corres- 
pondingly drastic character. Alpers and Jaeger (1949) had excised 
the whole the motor area the cerebral cortex contralateral the 
movements two subacute cases moderate severity, the excision being 
areas and part area both patients were relieved their 
hemichorea, both were hemiplegic after the operation but one there 
was partial return power, with only slight recurrence involuntary 
movement the left foot. About the same time different cortical 
operation was performed two cases—also subacute—by Meyers, 
Sweeney and Schwidde (1950): they made deep incision, cm. 
depth, down the whole length anterior margin the pre-central 
gyrus with the object separating areas and dividing the fibres 
between them. Again, both patients were relieved their hemichorea, 
and both were hemiplegic immediately after the operation, but one 
them made excellent recovery and was eventually left with only 
occasional twitches small amplitude; the other remained hemiplegic 
and died twenty-six days after operation from inhalation asphyxia. 
Shortly before this, Earl Walker (1949), fearing the occurrence asphasia 
performed left cortical excision, had operated the level the 
cerebral peduncle, dividing the lateral two-thirds the basis pedunculi 
depth 6-7 mm.; although the patient was hemiplegic the next 
day, she made unexpectedly good, though not quite complete, 
recovery, and was never aphasic; the hemichorea was completely 
abolished, with the exception occasional, slow irregular movements 
the fingers. 1956 Juba and Dobi reverted cortical excision, 
their patient being relieved but left hemiplegic. 

less hazardous the life elderly patient, but other ways 
much more acceptable than cortical extirpation, was the operation 
high cervical cordotomy. This had been reported four occasions, 
the technique being divide the ventral quadrant the cord the 


106 PURDON MARTIN AND IAN MCCAUL 


side the involuntary movements, with the object interrupting the 
extrapyramidal motor fibres. the first two cases (Brown and Walsh, 
1954; Carpenter, 1955), although the involuntary movements were 
abolished, the operation failed save the lives the patients. the 
third case, that Strain and Perlmutter (1957), the patient, woman 
67, survived, her hemichorea was very greatly relieved, that she 
was left merely with occasional writhing motion the previously 
affected arm, and with grimacing, she had paralysis but had loss 
superficial sensation the opposite side the body from the clavicle 
downwards. The remaining case, that Beduschi, Papo and D’Andrea 
seems have been similarly successful. 

should noticed that all these operations were such could 
performed under general anesthesia. 

Since the introduction stereo-tactic surgery patients presenting 
chronic mixed syndromes involuntary movements and muscular 
rigidity had been treated various surgeons means operations 
the globus pallidus the thalamus, with varying degrees relief; 
two such cases (Talairach, Pallas and David, 1950; Roeder and 
Orthner, 1956) the syndromes were likened hemiballismus, and both 
were treated multiple operations with partial relief. 


the general condition our patient when she was first seen, was 
good, was decided wait, possible, another week, see whether 
the hemichorea showed any sign subsiding. However, during that 
time the patient became more distressed, her involuntary movements, 
anything, increased, and was feared that her violent activity might 
bring again the condition cardiac failure from which she had 
recently suffered. Operation was therefore undertaken exactly four 
weeks from the onset the hemiballismus. 


result our experience with other extrapyramidal syndromes 
favoured operation the ventrolateral nucleus the thalamus, 
considered that operation that site was most likely give relief from 
involuntary movements without causing serious disability. apparent 
difficulty once arose, because the technique previously described one 
(McCaul) elsewhere, involved the use local the 
critical stage the operation, the amount “alcohol 
injected cause the desired lesion being governed the clinical response 
the time injection, and was most desirable that the patient 
should conscious that stage. the other hand, would obviously 
impossible operate patient who was being tossed about 
violent, involuntary movements. the event, the 
presented was solved our anesthetist, Dr. Belam, whose skill 
are greatly indebted. the use rectal instillation thipentone 
grammes) almost complete cessation involuntary movement was 
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attained while the patient was undisturbed, and yet when she was 
engaged conversation choreiform movements moderate degree 
would appear. 


The destructive lesion was made point considered radiological grounds 
the ventrolateral portion the thalamus the right side. Fig. shows the 
site the injected material the A-P projection radiograph taken immediately 
after the operation; the point reference the lateral projection was the mid- 
point line drawn from the foramen Munro the centre pineal calcification. 

Following the injection ml. involuntary movement ceased 
the left leg, trunk, arm, fore-arm and hand but continued the facial and shoulder 
muscles. Facial twitching stopped after the further injection 0-5 ml. paste, but 
occasional jerking movements small amplitude still occurred the muscles 
the shoulder girdle. Slight weakness grip the left hand was now apparent and 
the procedure was therefore terminated. 

Twelve hours later the twitching the shoulder stopped. the fifth post- 
operative day full power had returned the distal muscles the upper limb, but 
abduction the shoulder was now weak. paresis was present the lower limb. 
the fourteenth post-operative day full power had returned all muscle groups, 
tone was judged normal, sensory deficit was discernible and tendency 
neglect the left hand and arm was apparent. Both plantar reflexes were flexor. 

film taken the seventeenth day after operation shows the patient using all 
her limbs normally, and free from all abnormal movements. When she was seen 
three months later she said she was quite well. She had involuntary movements 
any kind, and the only abnormal signs found the course detailed examin- 
ation her nervous system were (1) that the tendon-jerks the left side were 
exaggerated, and (2) that walking she held the left arm somewhat abducted 
and partly flexed the elbow; these signs were attributed slight lesion her 
pyramidal tract. 


COMMENT 


the first place, this case shows, has been described others, that 
lesion size caused 1-5 ml. coagulating paste, may made 
(or about) the ventrolateral nucleus the thalamus, without causing 
obvious disability. Secondly, lesion the ventrolateral nucleus 
the thalamus interrupts the fasciculus lenticularis, the result this 
operation tends confirm the human subject, the finding Carpenter, 
Whittier and Mettler the monkey, that interruption this tract 
abolishes the kind which results from lesion the 
corpus Luysii. 

Again, feel that abolition such violent hemichorea must involve 
more less complete interruption the fasciculus lenticularis, and 
therefore more less complete blocking the activity the related 
globus pallidus. expected find some corresponding defect 
function, but, far, within the limitations our patient’s activity, 
not easy recognize any such deficit. She, however, somewhat 
frail, elderly woman; she were more active person who was 
condition run and jump and hop and skip and dance, possible 
that some disturbance motor function might demonstrated. 
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SUMMARY 


case acute left hemiballismus woman aged 67, was successfully 


treated stereotactic operation. 
1-5 ml. coagulating alcohol-paste were injected site believed 


correspond with the ventro-lateral nucleus the right thalamus. 


wish thank Dr. Bull, whose co-operation enabled the 
major part the operation performed the radiological depart- 
ment under his charge, and Dr. James Robertson, the patient’s physician, 
for his help and interest all stages the case. Our thanks are due 
also the staff the Photographic Department the Institute 
Neurology for making film records the patient’s condition before and 


after the operation. 
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CASTS LATERAL VENTRICLES 
ROBERT DAY 
Portland, Oregon 


(From the Departments Anatomy and Pediatrics, University Oregon Medical 
School) 


VENTRICULOGRAPHY and pneumoencephalography have proven 
valuable aids neurological diagnosis. This particularly applies the 
field pediatrics, but interpretation the data made difficult the 
lack factual information about the normal development and variations 
foetal and newborn ventricular systems. The present communication 
reports the first series studies this subject using simplified 
technique. 

Previous work other investigators has been based three methods: 
(1) reconstructing the cavities from cross sections; (2) interpreting 
ventriculograms; and (3) making casts injecting into the intact brain. 
Leonardo Vinci (1452-1519) used this third method injecting 
beeswax into fresh adult brains, but his casts did not show the inferior 
horns (da Vinci, 1930); Welcker (1878) also used beeswax, utilizing the 
method Rauber (1873), obtain three casts which were distorted 
and thought some those children. However, these were 
used for illustrations several textbooks for many years. 

The classic adult ventricular cast was prepared Retzius (1900), and 
although obtained only one complete cast, illustrations are still 
used most anatomy texts. The material used was Wood’s metal, 
injected through the posterior horns fixed brains. 

Spitzka (1901) and Barratt (1902) reported reconstructing the ventricular 
system cross sections, the results correlating with those later investi- 
gators, especially Torkildsen (1934). Harvey (1910) and Testut (1929) 
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followed Retzius’ example with the use Wood’s metal for casting, but 
the results were casts more slender proportions than those Retzius. 

Locke (1926), using fresh brains, injected celloidin-acetone-camphor 
mixture which was subject much shrinkage, resulting poor casts. 
Torkildsen (loc. cit.) recognized this difficulty, and 1934 used paraffin 
fixed adult brains; obtained eleven casts, the average being used 
make brass model the ventricular system which still followed 
many positioning patients for pneumoencephalograms. 
The co-workers Twining (1939) published illustrations casts made 
him before his death, but reference material made. deVet (1940) 
wrote hollow glass model the ventricles which was made 
Dutch glassblowing concern. 

Feetal ventricular casting methods were published for the first time 
Woollam (1952) who used synthetic rubber injected under pressure into 
fresh foetal brains. The rubber was solidified freezing the brain within 
the skull, alternately injecting per cent formalin into the umbilical 
vein and later placing the brain into per cent formalin. Casts five, 
six and seven month lateral ventricles were prepared this way, and 
the author concluded that the length lateral ventricles one-half 
that the adult, the width the anterior and inferior horns the same 
and the width the posterior horns twice that the adult. This 
discrepancy the posterior horns believes later compensated 
growth the cortex and infolding the brain the occipital region. 

The second and only other reference ventricular casts was 
Last and Tompsett (1953), who prepared series twenty-four adult 
and five foetal casts, although the findings were based almost entirely 
upon the adult casts. Plastic resin was used brains fixed with per 
cent formalin. Only the lateral ventricles the brains were 
injected, and the posterior horns were found short, stout and 
symmetrical, contrast the adult which the posterior horns were 
quite variable, seven twenty-four casts having none all. 

Since complete developmental series had never been studied, was 
decided prepare normal series simplified adaptation the later 
casting methods. 

METHOD 

Casts the lateral ventricles fourteen foetal and newborn human brains were 
prepared injections plastic resin, using only cases free from cerebral 
hemorrhage, obvious distortion the skull congenital anomalies. The 
were fixed per cent formalin, which according Last and Tompsett causes 
shrinkage less than 1-5 per cent brain tissue. Ideally, early common carotid 
injection formalin provides the most adequate fixation the brain, but 
unfortunately this was not possible with the used. The were 
suspended saline solution with per cent formalin well elevated gauze 


nets prevent distortion lying the bottom the collection jars. 
The casting material used was Epocast II, plastic resin that solidifies 
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approximately thirty minutes after adding per cent catalyst. The material hardens 
from the inside first; although the solidification nearly simultaneous throughout; 
lightweight material, with viscosity low enough allow casting without use 
high injection pressures; and has shrinkage less than per cent. Inert 
yellow pigment was added the resin make opaque. 

The brains were injected while the skull after removing the top the cranium 
and boring cm. hole the superior portion each cerebral hemisphere about 
cm. lateral the longitudinal fissure. After adding catalyst, the resin was 
placed one the bore holes medicine dropper and allowed diffuse throughout 
the ventricles, forcing the formalin the ventricular system out through the other 
bore hole. After ten minutes adding resin one side, was then added the 
other side complete the cast. The greater specific gravity the resin caused 
displacement any remaining formalin, forcing out through the bore holes. 
Air bubbles were removed agitation the head, causing them rise and leave 
via the two bore holes. The brain tissue was removed dissection after the plastic 
hardened. 

Portions the third ventricle some the foetuses were also cast this manner, 
but were incomplete preclude their use this study. 


RESULTS 


Fourteen lateral ventricular casts were prepared, from foetuses varying 
age from weeks term (38 weeks). Eleven these were complete 
both lateral ventricles; three, only the left ventricle was complete 
enough use measurements. The general pattern measuring out- 
lined Torkildsen was followed, (see fig. 1), well taking height and 
width measurements each horn. 


Fic. 1.—Dimensions used measuring casts. 


External measurements the skull were used for comparisons with the 
casts. The average measurements the length the anterior, posterior 
and inferior horns the two lateral ventricles are shown graphically 
fig. the overall length the ventricles compared with the external 
length the skulls fig. Since the relationship between time and the 
log the measurements appeared linear function, the graphs were 
prepared with semilog scale. The variation any two ventricles from 
the same brain did not exceed mm. any the measurements; 
most cases they were identical. Some hypotheses concerning ventricular 
growth are suggested the data from this series. 
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Weeks gestation 


Fic. (1) Anterior horn, (3) Posterior horn, and 
(4) Inferior horn the lateral ventricles. 


The posterior horn develops late relation the anterior and 
inferior horns. Results: The measurements the casts tend 
show the posterior horn the 12-week small and poorly 
developed compared the anterior and inferior horns; the 
older specimens proportionately larger. the term 
has more the proportions the adult, although still far smaller 
length relative the anterior and inferior horns. 

The lateral ventricles become more slender proportions the fetal 
age increases but never reach the dimensions the adult. Results: 
Figs. and show the relative narrowing thickness the 
ventricles the older foetuses compared the 12-week stage. 
The accepted conception the adult ventricular proportions 
that one still more delicate and elongate, especially the 
posterior horn. 
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Weeks gestation 


Fic. 3.—Comparison skull length (OM) overall ventricle length (No. 


(3) The difference size between homologous ventricles not great 
the fetus the adult, especially the posterior horn. Results: 
While Last and Tompsett found variations from 2-9 cm. zero 
the length the posterior horns one brain, the foetal posterior 
horns the present series did not exceed difference 0-2 cm. 
Although the other dimensions not differ much the adult, 
the differences foetal measurements are correspondingly less. 


COMMENT 


life the cerebral hemispheres develop upward and backward 
growth, overlapping the mid-brain the sixth month and the hind- 
brain the eighth month. The differential growth pattern the 
posterior horn seen this series may result this late posterior 
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growth the occipital lobe the hemisphere. Certainly the relative 
decrease volume the ventricles compared with the volume the 
brain substance older foetuses, inferred from figs. correlative 
with the growth cortical matter and brain tracts late uterine develop- 
ment. The variation size the two ventricles seen Torkildsen 
and Last and the adult must occur later time life 
than seen this series. These changes means reach the adult 
level infancy, and yet variations from the adult configuration are often 
interpreted abnormal. 1939 Brenner reported case con- 
genital amblyopia which also showed what called dilatation the 
posterior horns the lateral ventricles. concluded that this repre- 
sented hypoplasia the occipital lobes. other study children with 
atrophic lesions, Crothers and Wyatt (1941) presented 1,700 cases which 
showed, among other things, asymmetry the posterior horns. 

Since the primary indication for ventriculography abnormal neuro- 
logical clinical picture, and ventriculogram quite often one 
which failed show corroborative changes the ventricles, the place for 
developmental studies becomes more apparent. the past, many studies 
the ventricular system have been questioned for distortion the 
tissues used the methods involved. most casting, material which 
liquefies upon heating injected while molten, then allowed 
gradually solidify cooling. this manner the outer portion the 
material solidifies first, while the inner mass remains molten, although the 
injection may not complete. Use heavy injecting materials such 
Wood’s metal may distort the cavities being filled, sometimes the 
point rupture the injection carried out under pressure. This 
especially true the foetus where even fixed material far too delicate 
withstand much weight pressure. third point consideration 
shrinkage the cast after solidification, which occurs particularly 
materials which solvents have been added. The present use light 
plastic resin which can used displace the formalin within the ven- 
tricular cavities without the use high injection pressures circumvents 
these difficulties. 

future studies this kind longitudinal data will undoubtedly add 
much what can already infer about ventricular development. 
Certainly deductions concerning the anatomy the adult cannot 
transposed directly foetal and newborn lateral ventricles, often 
done; but only after comprehensive study normal ventricular develop- 
ment from birth adulthood will have adequate information from 
which interpret all ventriculograms. 


SUMMARY 


method for making lateral ventricular casts foetuses and newborn 
infants use plastic resin presented. casts were pre- 


PLATE XVII 


Fic. 4.—Lateral ventricle cast approximately 12-week 


ventricle cast approximately 18-week 


Fic. 6.—Lateral ventricle cast approximately 32-week 
illustrate article Robert Day. 
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pared, and the results are correlated with several hypotheses concerning 
lateral ventricle development the foetus: (1) the posterior horn develops 
late relation the anterior and inferior horns; (2) the lateral ventricles 
become more slender proportions the foetal age increases but never 
reach the accepted dimensions the adult; and (3) the variation size 
one ventricle the other not great the the adult, 
especially the posterior horn. The need for more normal anatomical 
studies pointed out, for this era rapid advances therapy 
hydrocephalus, cerebral vascular tumours and atrophic brain lesions, 
the diagnostic tool, the ventriculogram, only valid the anatomical 
knowledge upon which based. 


would like thank Dr. Pearson for his help and guidance 
throughout this study, and Drs. Hopkins, Aldrich, Tunturi, and 
Hill for their constructive criticism presenting the work. 
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THE INTRANEURAL TOPOGRAPHY THE CIRCUMFLEX 
MUSCULOCUTANEOUS AND OBTURATOR NERVES 


Department Anatomy and Histology, University Melbourne, Australia 


earlier papers (Sunderland, 1945; Sunderland and Ray, 1948) the 
internal anatomy the radial, median, ulnar and sciatic nerves was 
described with special reference funicular plexus formations and the 
manner which these led changes, from level level along the nerve, 
(a) the funicular pattern, and the distribution the nerve fibres 
representing individual branches terms the funiculi and quadrants 
the nerve trunk. The present report extension this work 
and covers the internal anatomy the circumflex, musculocutaneous and 
obturator nerves. 

This account will confined record nerve trunk anatomy. 
the earlier papers devoted this subject, and other subsequent 


papers (Sunderland, 1951, 1952), such information was fully discussed 
relation to: (a) the classification nerve injuries, the mobilization, 
resection and suture nerves, and (c) factors influencing the quality 
the recovery after nerve repair. Such considerations are common 
all peripheral nerves and not require repetition here. 


MATERIAL AND METHODS 


The methods used this investigation were precisely the same those 
described previous communications the radial, median, ulnar and 
sciatic nerves. general the investigation involved the dissection 
specimens each nerve and its branches, followed the histological 
preparation serial sections this material. this way each nerve 
trunk and its branch pattern could reconstructed and studied from 
series transverse sections. the descriptions which follow all branches 
have been regarded proceeding from the structure innervated them 
into and centrally along the nerve trunk that the latter has been 
synthesized terms its branches. Similarly, the discussion relating 
the intraneural behaviour funiculi the direction changes from 
distal proximal. 


1This work was assisted grant from the National Health and Medical Research 
Council Australia. 
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THE CIRCUMFLEX NERVE 


Branch pattern presented individual variations which 
involved the order which branches left supply the structures usually 
innervated the nerve, namely, the shoulder-joint, neighbouring vessels, 
teres minor, deltoid and the skin over the upper lateral aspect the arm. 
addition, some specimens, the nerve supplied branches the 
subscapularis, teres major and long head triceps muscles. 

For the purposes the present paper the main trunk the nerve 
was regarded commencing the posterior cord the brachial plexus 
and terminating where divided into anterior and posterior branches 
(standard terminology) beneath the undersurface the teres minor 
muscle. 

The funicular number funiculi varied from 
depending the specimen and the level the count. The bundles 
were small and numerous distally but the sections were traced centrally 
recurrent anastomoses predominated the plexus formations and 
resulted the appearance fewer but larger bundles. The picture 
the axilla was usually one single funiculus major funiculus 
accompanied variable number fine satellites. 

Beneath and distal the shoulder-joint the branches for the deltoid, 
teres minor and upper lateral cutaneous the arm were each represented 
the nerve separate bundle group were those fibres from the 
joint and the long head triceps which had reached the trunk either 
directly one the fore-named terminal branches. Over this 
section the funicular plexus formations were, general, confined 
each group that the anastomoses bundles did not result the mixing 
fibres from different branches. few anastomoses, however, involved 
units different groups and this way produced some bundles composed 
fibres from more than one branch. The number bundles varied 
from 10, depending the specimen. 

the bundles were traced further centrally, repeated anastomoses 
resulted further reduction their number and extension the 
fibre-mixing which had just commenced beneath the joint. Ultimately, 
the nerve was emerging into the axilla from below the subscapularis 
muscle, the fibres from all branches were collected into single bundle 
which continued for from cm. before joining the posterior cord 
the brachial plexus. 

the axilla the nerve was joined, some specimens, fine branches 
from the shoulder-joint, neighbouring vessels, subscapularis, teres major 
and the long head triceps combination these. These branches 
were represented small funiculi which either joined the major bundle 
accompanied the posterior cord. These satellites varied 
number from depending the number branches joining the 
nerve. 
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Though this was the arrangement the serially sectioned specimens, 
additional specimens from which limited sections were taken 
showed, addition the small satellites representing the high branches, 
multifuniculated pattern where the nerve joined the posterior cord. 

The circumflex group was traced along the posterior cord separate 
system for distance The only change observed was, some 
specimens, breaking the major funiculus into bundles which 
engaged plexus formations before recollecting into one bundles 
the most proximal section examined. 

The percentage cross-sectional area the nerve occupied the funiculi.— 
The percentage cross-sectional area the circumflex nerve occupied 
the funiculi was measured the cord and below the joint specimens. 


Beneath the joint the posterior cord 


Highest reading 
Lowest reading 
Average reading 


THE MUSCULOCUTANEOUS NERVE 


The nerve was examined between the lateral cord the brachial plexus 
and the point where emerged from between the biceps and brachialis 
muscles the lateral cutaneous nerve the forearm. 

Before entering the coracobrachialis the nerve gave branch this 
muscle and fine twig the axillary-brachial artery. emerging 
from the muscle the nerve descended between the biceps and brachialis 
muscles. this situation supplied branches both these muscles, 
communicating strand the median nerve the specimens 
examined, and finally continued the lateral cutaneous nerve the 
forearm. There was constant site order branching. Usually 
the branches left the following order: biceps, brachialis, and, when 
present, the communicating branch the median nerve. The origin 
the muscular branches was always located the proximal half the 
intermuscular section the nerve. Variations the order and site 
branching imposed individual variations the behaviour the different 
bundle systems they were traced centrally. Despite this, the 
arrangement permitted certain generalizations. 

The length the nerve from the lateral cord the point where 
emerged from between the biceps and brachialis the lateral cutaneous 
the forearm could, terms its internal anatomy, divided into 
five sections. 

(1) Over the most proximal cm. the nerve the funiculi engaged 
plexus formations which varied their number from 10, with larger 
numbers predominating. This plexus was continued into the lateral cord. 

(2) The former segment was succeeded one, cm. length, 
which was characterised the rarity total absence plexus formations. 
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The number bundles varied from mostly one, the variation being 
due almost entirely the occasional splitting solitary large bundle 
and the reunion its divisions. Each bundle contained fibres from 
every branch given off distal this level. 

(3) The succeeding section, cm. length, was composed 
numerous bundles number) which repeatedly divided and 
anastomosed outline segment intense plexus activity. This was 
the zone where the dispersal and intermingling fibres from different 
sources distally was commenced and completed. 

(4) Distal the plexiform segment the nerve was composed 
independent funicular systems representing the different branches. 
some specimens, however, fine funicular intercommunications 
section resulted some fibre mixing. The lateral cutaneous nerve 
the forearm was represented plexiform group funiculi while, 
the contrary, the biceps, brachialis and median communicating branches 
were, with few exceptions, each represented single bundle. 

(5) The remaining and most distal section the nerve became the 
lateral cutaneous the forearm. This section was multifuniculated and 
the bundles engaged frequent plexus formations. 

Lateral cutaneous nerve the forearm.—The cutaneous fibres were 
represented bundle group which showed repeated plexus formations 
along its length, thereby leading rapid alterations the number 
and size the constituent bundles. The group retained its 
identity independent system the musculocutaneous trunk for 
from cm. and the longest section with constant pattern was cm. 
some specimens the funiculi were gradually reduced fusion 
single bundle which finally anastomosed with another thereby leading 
the immediate mixing all the cutaneous fibres with those from 
another source. others, some cutaneous bundles continued centrally 
the level where all the funiculi the nerve were fusing form 
single bundle. The first union with bundles bearing other fibres occurred 
cm. from the lateral cord. The order which the cutaneous 
fibres came combined with other branch fibre systems varied from 
specimen specimen. However, cm. from the lateral cord they 
were intermingled with those from the biceps, brachialis and median 
communicating branches and were represented all 

Communicating branch the median nerve.—The fibres this branch 
were contained one two bundles which continued independent 
system the parent trunk for from 7cm. The longest section with 
unchanged pattern was most specimens the fibres travelled 
centrally single bundle which, reaching the zone intense plexus 
activity, splayed into number divisions which immediately engaged 
plexus formations with bundles composed fibres from other sources. 
The site the first union with other bundles occurred about cm. 
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below the lateral cord. Eight cm. from the cord the median 
communicating fibres were combination with others every bundle. 

the branch joined the nerve was composed 
bundles. Usually these were reduced fusion single bundle 
but few specimens multiple bundles continued along the full length 
the intraneural section the branch. The distance for which these 
fibres remained independent system varied from 1-5 cm.; 
the longest section with constant funicular pattern was cm. The 
brachialis group first united with bundle composed other fibres 
the plexiform zone cm. from the cord. the result repeated 
plexus formations the brachialis fibres were rapidly mixed with fibres 
from all other sources and were also rapidly distributed throughout the 
nerve. The order mixing with other fibres varied but usually the 
first union involved cutaneous fibres followed those from the biceps 
and the median communicating branch. Regardless the order 
mixing, brachialis fibres were present every bundle, and combined with 
fibres from all other sources, cm. from the lateral cord. 

bundles were rapidly reduced fusion single bundle though 
one specimen two funiculi continued centrally into the plexiform zone. 
some specimens the biceps bundle ran parallel the plexiform zone 
before entering the more proximal portion but others joined the 
plexus distally. The first union with bundle bearing other fibres 
occurred cm. from the cord. The order mixing with other 
fibres varied according the site and order the branching. However 
the mixing and dispersal the fibres was effected rapidly that biceps 
fibres were represented every bundle, and combination with fibres 
from all the remaining branches, cm. from the lateral cord. 

Arterial was only one arterial branch the specimens 
examined and this passed the axillary-brachial artery. The branch 
was always composed single funiculus which, within centimetre 
joining the nerve, fused with the funiculus, one the funiculi, the 
parent trunk. The arrangement was such that the arterial fibres were 
mixed with those from the remaining branches either immediately 
within centimetre. 

coracobrachialis fibres were usually contained 
single bundle; one specimen they were represented bundles 
which, within few millimetres, were reduced fusion single 
bundle. The funiculus entered the parent trunk proximally, where 
was composed one few large bundles, and continued centrally 
for from terminated either continuing into the lateral 
cord, where occasionally migrated engage plexus formations 
with bundles representing the lateral head the median nerve, 
fusing with the funiculus, one the large funiculi, the parent 
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trunk within centimetre entering the nerve. The former arrangement 
left the coracobrachialis fibres discretely localized separate bundle 
the musculocutaneous nerve whereas the latter produced the reverse 
effect creating conditions leading their immediate mixing with the 
fibres other branches and their dispersal through the nerve. 


THE OBTURATOR NERVE 


The branch pattern was substantially the same that recorded 
standard texts. According the conventional accounts the nerve 
divides the obturator foramen into anterior and posterior divisions 
with the former innervating the adductor longus and brevis, gracilis, 
the hip-joint and area skin over the medial aspect the thigh while 
the latter supplies the obturator externus, adductor magnus and the 
knee-joint. Variations observed this study were the occasional 
association the branch the hip joint with the posterior division and 
the independence branch from the obturator externus and the hip 
joint the foramen the form intermediate division. The internal 
anatomy the nerve most conveniently considered regions: 
distal to, at, and central the obturator foramen. 


DISTAL THE OBTURATOR FORAMEN 


Gracilis and cutaneous.—Cutaneous fibres from the inner aspect 
the thigh were combined with the gracilis fibres from funiculi, 
the number favouring the lower ranges. This bundle group retained its 
identity the thigh. 

Adductor longus.—This branch was represented the thigh group 
from funiculi. Over most the length this branch, however, 
the fibres were contained one specimen the adductor 
brevis funiculi anastomosed with bundles this group. 

Adductor fibres occupied from bundles but were 
mostly contained one two. one specimen fibres from the medial 
femoral circumflex artery travelled single funiculus which 
subsequently joined one the adductor brevis group. another 
specimen plexus formations involving adductor longus and adductor 
brevis bundles finally produced bundle which contained all the adductor 
brevis fibres and some from the adductor longus; this funiculus proceeded 
the foramen without further change. 

Adductor magnus.—These fibres were represented along the length 
the branch group from funiculi. one specimen the fibres 
from the obturator externus and the hip joint were added successively 
small bundle the adductor magnus group which occupied central 
position the nerve. This compound bundle continued the foramen 
without change. 

Obturator branches were traced the nerve, each 
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being composed from bundles. Approaching the foramen the 
fibres were collected into one two bundles which ultimately fused with 
bundles the adductor magnus group. This fusion usually occurred 
central the foramen but could commence distal it. 

hip-joint fibres proceeded centrally from 
bundles. These continued independently through the foramen became 
involved the thigh plexus formations with adductor magnus and 
obturator externus bundles. 


THE OBTURATOR FORAMEN 


The bundles were arranged three groups the obturator foramen 
where the nerve was somewhat flattened present antero-medial and 
postero-lateral margins. 

(1) group occupying the antero-medial half the nerve could 
further subdivided into: 

(a) bundles, anteriorly, composed (i) gracilis and cutaneous fibres, 

and (ii) adductor longus fibres; 

(b) bundle bundles containing the adductor brevis fibres which 

were more centrally (i.e. laterally) placed the nerve relation 
(a). 

one specimen all the adductor brevis fibres were combined with 
some the adductor longus fibres single funiculus. 

(2) group occupying the postero-lateral half the nerve devoted 
obturator externus fibres the posterior margin and adductor magnus 
fibres more centrally. 

(3) small group occupying intermediate position represented the 
obturator externus and hip-joint fibres either separately combination. 
some specimens these fibres had already been incorporated into the 
adductor magnus group this level. one specimen the hip-joint 
funiculus was the process migrating from central position towards 
the antero-lateral aspect the anterior pole. 


CENTRAL THE FORAMEN 


entering the pelvis the nerve became more rounded and was twisted 
that, the lateral pelvic wall, the antero-medial and postero-lateral 
sections became aligned superiorly and inferiorly respectively. For 
convenience, separate account will given each the major 
funicular groups the foramen they were traced centrally. This 
necessitates some repetition which is, however, desirable the interests 
clarity. Information relating the length branches independent 
bundle systems contained Table while features relating the 
redistribution the fibres brought about plexus formations are 
illustrated the accompanying diagrams (figs. and 2). the 
diagrams the nerve trunk and funiculi are not drawn scale but the 
relative positions the individual funiculi are correctly shown. 
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TABLE FUNICULI SPECIMENS THE OBTURATOR NERVE 


Length mm. 
from the obtur- 
ator foramen 
level partici- 
anastomosis with 
bundle contain- 
ing other fibres 


Branch-bundle group systems 


SPECIMEN 
Superior Group 

Adductor longus and brevis 

Gracilis (plus 
aneous fibres) 

gracilis between the foramen 
and site intermingling with 
hip-joint fibres from the inter- 
mediate group 

Before mixing with fibres the 
inferior group 

Intermediate Group 

Hip-joint 

Obturator externus (branch 
Inferior Group 

Adductor magnus 

Adductor magnus, obturator ex- 
ternus (branch 

Obturator externus (branch 

Arterial 

Before mixing with fibres the 
superior group 

Remaining mm. the sacrum 


SPECIMEN 
Superior Group 
Adductor longus. 
Adductor brevis (plus associated 
arterial fibres from the thigh) 
Gracilis (plus 
aneous fibres) 
Before mixing with fibres the 
inferior group 
Intermediate Group 
obturator externus (branch 
and hip-joint fibres and few 
from the adductor magnus 
Inferior Group 
Adductor magnus 
Adductor magnus, obturator ex- 
ternus (branch 1), hip-joint 
Obturator externus (branch 2).. 
Before mixing commenced with 
fibres the superior group 
Remaining mm. the sacrum 
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Number 
changes 
the 


pattern 
over this 
length 


Maximum 
length 
mm. 
constant 
funiculi 

1-2 
3-5 

1-3 
1-9 
1-6 
1-2 

3-14 
1-2 
1-2 
1-5 

2-8 

3-12 
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SUPERIOR GROUP 


Gracilis and cutaneous fibres.—This system continued along the superior 
aspect the nerve independent bundle group for from cm. 
From this localized position the fibres were dispersed funicular plexus 
formations through the superomedial quadrant the nerve where they 
became mixed with the other fibre systems the superior group. The 
movement and intermingling fibres produced this way continued 
until, midway between the foramen and the sacrum, the gracilis and 


SUPERIOR 
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SUPERIOR 
LATERAL 
mm. INFERIO 


Fic. 


Fics. and 2.—The number and arrangement the funiculi and their fibre 
composition several levels two specimens the obturator nerve central the 
obturator foramen. The distances have been measured millimetres from the 
obturator foramen. longus; brevis; 
magnus; G=Gracilis-cutaneous; J=Hip-joint; externus; 


cutaneous fibres were represented every bundle the superior half 
the nerve. little further centrally the bundles containing these 


fibres commenced engage plexus formations with bundles containing 
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adductor magnus and obturator externus fibres, and 
fibres when these accompanied the inferior division centrally. 
result gracilis and cutaneous fibres were distributed through the inferior 
half the nerve and finally reached its inferior surface. They were 
contained all bundles before the sacro-iliac joint was crossed. 

Adductor longus fibres occupied the superior aspect 
the nerve for from cm. when plexus formations brought them into 
combination with adductor brevis and gracilis fibres. this way they 
were soon represented all bundles the superior half the nerve. 
cm. above the foramen bundles containing these fibres were 
engaging plexus formations with bundles the inferior group. Just 
distal the sacro-iliac joint they were present every bundle. 

Adductor brevis adductor brevis fibres were first placed 
deeply the superior half the nerve. some specimens anastomoses 
had resulted some mixing the adductor brevis and longus fibre 
systems the foramen but others the former group pursued 
independent course centrally for from cm. before engaging 
plexus formations with neighbouring superior group 
fibres from other sources. Midway the sacrum these fibres were 
scattered through the superior half the nerve and some specimens 
had already reached funiculi the inferior group. This spreading and 
intermingling the fibres continued that within centimetre two 
the sacro-iliac joint the adductor brevis fibres were represented 
every bundle the nerve. 

General.—The fibres from the various branches contributing the 
superior group were well mixed cm. central the foramen. Here 
they occupied the superior half the nerve. all the specimens 
examined, these fibres were, some point along the distal half the 
pelvic portion the nerve, collected for short distance into single 
funiculus located superiorly. Though the precise manner and order 
which these fibres became mixed varied from specimen specimen, the 
bundles the group rarely engaged plexus formations with those 
the inferior group until each bundle contained fibres from every branch 
the superior division. Plexus formations between the superior and 
inferior groups then led rapid mixing the fibre systems the two, 
superior group fibres reaching the inferior surface soon after entering 
the proximal half the nerve the lateral pelvic wall. 


INTERMEDIATE GROUP 
some specimens these fibres were 
already blended the foramen with fibres the adductor magnus group. 
others, the bundle bundles containing them proceeded centrally 
between the superior and inferior groups for distances cm. 
before fusion linked them with adductor magnus bundles. The mixing 
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the obturator externus and adductor magnus fibres continued above 
this level. When funicular plexus formations involved the superior and 
inferior groups the obturator externus fibres became intermingled with 
those the superior group. This mixing continued until the proximal 
half the nerve the obturator externus fibres became represented 
all bundles. 

Hip-joint fibres.—The funiculus funiculi bearing the fibres from the 
hip-joint followed one two routes their way centrally. one 
they migrated anastomose with adductor longus brevis bundle 
one containing fibres from these two muscles. the other they 
rapidly combined with the obturator externus fibres and finally, 
association with these, joined the inferior group; this way funiculi 
were formed which contained adductor magnus, obturator externus and 
hip-joint fibres. Thus along the distal half the pelvic portion the 
nerve the hip-joint fibres were slowly scattered either towards the superior 
pole combination with adductor longus and brevis fibres, and later 
gracilis fibres, towards the inferior pole combination with the 
adductor magnus and obturator externus fibres. Regardless the 
direction the initial movement, however, plexus formations involving 
the superior and inferior groups ultimately produced arrangement 
which the hip-joint fibres were distributed throughout all bundles 
without any predominant localization. 


INFERIOR GROUP 


The inferior group comprised bundles from the adductor magnus, 
obturator externus, and obturator vessels. 

Adductor magnus general, the number bundles was 
reduced the group was traced centrally. The bundle group occupied 
the inferior half the nerve for centimetre two before receiving 
obturator fibres from above and obturator and arterial fibres from 
below. The mixing these fibres occurred either slowly, was the 
case when the funiculi were small and numerous, rapidly was the 
case when the bundles rapidly coalesced form single bundle which 
subsequently divided and redivided. 

Midway the sacrum the adductor magnus fibres were still localized 
inferiorly. Proximal this level plexus formations involved bundles 
the superior and inferior groups and this way adductor magnus fibres 
were carried towards the superior pole. These fibres were contained 
every funiculus the nerve before the nerve crossed the sacro-iliac 
joint. 

Obturator externus the lower margin the nerve 
was the bundle group (usually funiculi) devoted the remaining 
obturator fibres. These commenced intermingle with those from the 
adductor magnus approximately cm. from the obturator foramen, 
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which represented fibre movement that was delayed comparison 
with that observed for the obturator fibres carried initially the 
intermediate group. 

Arterial arterial branch was traced from the obturator 
vessels into the inferior aspect the nerve. The funiculi pursued long 
independent courses along the inferior surface before anastomosing with 
adjacent bundles and, the time they did so, the latter contained fibres 
from all branches contributing the inferior group, and some cases 
fibres from the superior group well. all the specimens examined 
the arterial fibres were represented every bundle the level the 
sacro-iliac joint. 

GENERAL 

The individual branches the nerve were usually discretely localized 
the foramen and over approximately the distal fourth the pelvic 
section the nerve. Here the obturator externus fibres the intermediate 
group were moving into association with the inferior group while the 
hip-joint fibres proceeded either into the superior group inferiorly 
become associated with fibres that region. some specimens 
some fibre-mixing had already occurred the foramen which did not, 
however, significantly affect the localization. This mixing involved 
adductor longus and adductor brevis fibres superiorly and obturator 
externus, hip-joint and adductor magnus fibres inferiorly. 

the second fourth the pelvic section plexus formations occurred 
within but not between the superior and inferior groups. Consequently 
the mixing fibres was confined within each group, the two groups, 
rule, remaining separate until every bundle each group contained 
fibres from every branch contributing the group. this region the 
remaining obturator externus fibres and fibres from the obturator 
vessels, located inferiorly, blended with those from the adductor magnus. 

the proximal half the pelvic section the nerve the superior and 
inferior groups became linked plexus formations. This led the 
intermingling the fibres the two originally distinct groups that 
all bundles the nerve came contain fibres from every branch the 
nerve. the sacro-iliac joint the fibres individual branches were 
widely dispersed through the nerve with suggestion any localization. 

The percentage cross-sectional area the obturator nerve occupied 
the percentage cross-sectional area the obturator nerve 
occupied the funiculi was measured, specimens, just internal 
the foramen, midway along the lateral pelvic wall, and the level 
the sacro-iliac joint. 


Foramen Pelvic wall Joint 
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SUMMARY 


(1) The intraneural topography the circumflex, musculocutaneous, 
and obturator nerves has been investigated and described. 

(2) The funiculi engaged plexus formations along the full length 
each nerve division and fusion. These changes produced: 

(a) Variations the size and number the funiculi from level level. 

(b) Rapid changes the funicular pattern presented transverse 
sections the nerve. 

(c) regrouping and funicular redistribution the nerve fibres 
representing the individual branches the nerve trunk. 

The nature and extent these changes are fully described. 

(3) Values for the percentage cross-sectional area the nerve trunk 
occupied the funiculi have been given for the circumflex and obturator 
nerves. 
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NOTICES RECENT PUBLICATIONS 


EPILEPSY 
Epilepsy. SAKEL, M.D., Philosophical Library, New York. Pp. 204. 
Price dollars. 

This book has been published posthumously, without revision 
from unfinished manuscript. This accounts for the discursive format without 
recourse index, sources. also excuses the persistent use the dogmatic 
indicative. The first hundred pages deal with formal statement the nature 
epilepsy, which Dr. Sakel emphasizes that most epileptics are otherwise normal, 
and should remain this state, given proper attitudes the society which they live. 
His descriptions the epileptic states are orthodox, but the account some the 
so-called shows lack critical appreciation the ictus 
which may distinguish from psychogenic event. the end this section 
Dr. Sakel introduces his theme that the anticonvulsant effect bodily exercise depends 
mobilization sugar. indicates that the fit biochemically purposive and 
protective. 

the second hundred pages proposes method curing epilepsy based 
the observation the early convulsions induced hypoglycemia, which seemed 
insulin hypoglycemia convulsive mechanism employed the body restore 
disturbed neurohumoral equilibrium normal means the increased pro- 
‘master key’ the cure diseases which are fundamentally endogenous mal- 
There are opposing vital forces, catabolic and anabolic, and 
form shock, the convulsion the coma, can regarded the turning out 
one the two antagonists, the vagus the From this, epilepsy 
many essentials opposite schizophrenia, and schizophrenics respond 
hypoglycemia, sugar must mobilized patients with epilepsy. Therefore what 
the author calls the operation implanting thyrotoxic tissue into the epileptic 
thyroid gland was introduced him. 

The dust cover describes the book “‘a document intense historic but 
Dr. Sakel’s contribution history was his bold use empirical methods 
treatment which have given tremendous impetus psychiatric research. This 


volume does not add it. 
DENIS WILLIAMS. 


AMPHETAMINE PSYCHOSIS 


Amphetamine Psychosis. Maudsley Monographs No. CONNELL, 
M.D., D.P.M., Consultant Psychiatrist, Newcastle General Hospital. 1958. 
Pp. Hall Ltd. Price 


The first patient with amphetamine psychosis encountered Dr. Connell was 
man who presented clinical picture paranoid schizophrenia, who gave history 
ingesting the contents methedrine inhalers, and whose psychotic symptoms 
disappeared few days after withdrawal the drug. search the literature 
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revealed only three published instances this condition from this country. the 
next three years Dr. Connell saw personally such patients, and his monograph 
based his experience with them and the records further patients. 
describes clinical picture indistinguishable from paranoid schizophrenia, and 
found clouding consciousness, feature most toxic psychoses. also 
developed chemical test for amphetamine-like substances the urine, which 
suitable screening test although not quite specific, reacting with variety 
amines such chlorpromazine. 

Dr. Connell’s achievement considerable one, first delineating clear clinical 
picture, secondly establishing its unexpected commonness and not least giving 
practical example the about which much 
written. This book likely remain the definitive work amphetamine psychosis 
and therefore all the more regrettable that only four the case-histories are 
given full. This abbreviation would, perhaps, reasonable article 
journal, but cannot justified when publication undertaken monograph form, 


SHORTER NOTICES 


Pp. 435. Oxford: Blackwell. Price £14. 


This tremendously detailed atlas has been compiled neuroanatomist and 
neurosurgeon for the benefit those engaged stereotaxic surgery man. The 
subtitle and variation position cerebral subcortical structures 
with special reference neurology, neurosurgery and neuroradiology.” 

The atlas based upon detailed work carried out the authors themselves 
which much attention has been paid deviations from the average, the usual. 
this end whole heads were cut into mm. sections after embedding plaster 
Paris and deep freezing, sagittally, frontally and horizontally. The resulting 
preparations are shown full size nearly hundred photographs, topography being 
presented corresponding line diagram the opposite page. The variations 
from the standard photographs are presented statistically. 

The whole text given French and English, and most lucid. Descriptions 
techniques and their application through parameters topography meticulous. 
The work similar material and purpose that Spiegel and Wycis, but 
mathematically more complete, since the statistical range variations related 
which enables them transferred graphically from case 
case other observers. 


Chirurgicale Stéréotaxique Lobe Temporal dans Temporale. 
Repérage Anatomique Technique Chirurgicale. TALAIRACH, 
and Pp. 136. Paris: Masson. Price 3,150 fr. 


The stereotaxic technique which has been used coagulate basal structures 
Dr. David’s theatre for some ten years has been applied the temporal lobe. This 
monograph contains detailed description the surgical and 
electronic—with morbid-anatomical demonstrations the sites natural and 
induced lesions. 

The method used record from predetermined structures within the temporal 
lobe, and subsequently coagulate them patients with focal epilepsy. Though 
may be, modified suit other stereotaxic techniques, the method employs the 
teleradiological superimposition calibrating grid over the ventriculogram devised 
the Paris workers, which different principle from Lexel’s and Spiegel and 
Wycis’ techniques. 


4 


132 NOTICES RECENT PUBLICATIONS 


The Excitable Cortex Conscious Man. The Fifth Sherrington Lecture. WILDER 
PENFIELD, O.M., Director the Montreal Neurological Institute. 1958. 
Pp. 42. Liverpool University Press. Price 10s. 6d. 


The results sensation and movement stimulation the human cortex are 
used basis for speculation upon the relationship high brain-stem structures 
and cortical neurones the production awareness and reactivity. The instability 
and variability the cortical responses stimulation stressed, well the 
difference responses from various parts the cortex. These differences probably 
depend more the subcortical connexions involved than the nature the cortex 
itself. The subcortical structures responsible for the fluctuation cerebral activity 
are remote, and may the upper brain-stem. 


Angiographie Cérébrale Joél Bonnal and Jacques Legré. Paris: Masson Cie. 
Pp. 254. 


Cerebral angiography has become technical specialty its own right, but 
interpretation angiograms and the integration the evidence they present into the 
total clinical pattern still the responsibility neurological physicians and surgeons. 
This volume well-published compendium the results present techniques, 
covering the whole subject, profusely illustrated and well documented. will 
valuable clinicians well radiologists. 


Diseases the Nervous System. for Practitioners and Students Sir 
FRANCIS WALSHE, M.D., D.Sc., F.R.S. 9th Ed. 1958. Pp. 373. Price 30s. 


This text, which has deservedly been best-seller several countries for eighteen 
years, has been extensively revised. Recent material and fresh attitudes have been 
adopted, the section cerebral ischemia, but condensation the size has been 
restricted. Though the pages are rather bigger, their number not much more than 
the initial editions—an essential consideration for students’ textbook. The 
rather modest price indicates the book’s popularity. 


Les Maladies Nerveuses. VAN GEHUCHTEN, Librairie Universitaire, Louvain. 
7th Edition. Pp. 815. 


The seventh edition has been thoroughly revised and brought date 
Professor Van Gehuchten Louvain University. 


The Sella Health and Disease. British Journal Radiology, Supp. 
SAYED Ph.D., M.B.London. 1958. Pp. 100. Price 35s. 


This thesis based analysis carried out the National Hospital, the 
value the radiographic study the sella turcica the morbid anatomical and 
topographic diagnosis intracranial tumours. hundred controls and 615 cases 
verified intracranial tumour were intensively studied, and the changes seen were 
related tumour characteristics, especially their pathological types and positions. 
The anatomical and radiological results are clearly and profusely illustrated. 


Neurologie des Nice. 1958. Pp. 610. Paris: Masson Cie. 
Price 5,800 fr. 


Selected Writings John Hughlings Jackson. 


The English publishers the new edition this work which was noticed the 
issue are Staples Press and the price 6s. Od. for the two volumes. 
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